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The evergreen giupeferns (Ophioglossaceae : Botrychium subg. Sceptri- 
dium) are controversial taxonomically and the characteristics of the species 
are subtle. Differences are found in their ranges, habitats, textures, pigmen- 
tation, segmentation, pinnule shapes, blade margins, and spores, but many 
of the characteristics overlap. The plants are subject to environmental modi- 
fications, but their heterotrophic biology makes them unsuitable for ordinary 
greenhouse experiments. This investigation involves field comparisons of 
yernation, pigmentation, maturation of sporangia, and leaf thickness, to 
help clarify the inter-relationships between the taxa. A brief discussion and 
evaluation of the taxonomic treatments that have been proposed will also be 
given. 

Of the species that occur in northeastern United States, Botrychium 
dissectum Spreng. is so outlandishly variable that it has apparently misled 
botanists in delimiting other, closely related, but more uniform, species cor- 
rectly, as is evident in herbaria and floristic lists. Nevertheless, it seems to 
the writer that once the vagaries of the endemic B. dissectum are embraced 
—the undivided forms (obliquum), the forms with long segments (elon- 
gatum), and those with deeply lacerated margins (dissectum)—it becomes 
rather easy to recognize three other species in this complex (Fig. 1). The 
most commonly recognized is B. multifidum (Gmel.) Rupr.; all modern 
workers seem to agree that this is a distinct species with a cireumboreal dis- 
tribution. 

In regard to the endemic Botrychium oneidense (Gilbert) House, the 
story is different; its history is a sort of classic in taxonomic indecision. 
Graves (1935) and Dix (1945) considered it a variety of B. multifidum. 
Clute (1902), Waters (1911), and Clausen (1938) made it a variety of 
B. dissectum. Oliver A. Farwell managed to treat it both as a variety of 
B. multifidum and of B. dissectum (1917, 1925). Clausen (1944) later sug- 
gested that it might be the hybrid B. dissectum x multifidum, offering as 
evidence the argument, among others, that B. oneidense has fewer ‘‘ fertile 
panicles’’ than B. dissectum, on an assumption presumably that leaf axes 
or parts of the leaf that bear sporangia would be aborted in a hybrid (in 
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addition to the spores themselves). Wagner (1955) contested this idea on 
chromosome observations that B. oneidense has neither irregular pairing at 
meiosis or polyploidy. The problem of B. oneidense remains: indeed, even 


now, in the two current manuals of northeastern flora (Fernald, 1950; and 





mi. N.W. of Stanwood, Mecosta 


Fig. 1, Leaves of evergreen grapeferns (all from 0.3 
Co., Mich., Sept. 20, 1959): A. Botrychium multifidum ; B. B. oneidense ; C. B. ternatum; 
D. B. dissectum. 


' Gleason, 1952), it is interpreted by Fernald as a form of B. dissectum and 
by Morton as a variety of B. multifidum. 
The fourth of the taxa here treated as species has received little or no 
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attention since Underwood (1898) effectively banished it from North Amer- 
ica. Most authors overlook this fern, or consider it a biotype of B. multt- 
fidum, too trivial to be recognized. This is the plant | interpret (1959) as 
true B. ternatum (Thunb.) Swartz, or an American variety of it (Fig. 1, C). 
Before 1900 our evergreen grapeferns were usually identified as B. terna- 
tum, but Underwood argued that this species occurs only in the Old World 
and that all of the New World plants belong to different species. Rolla 
Tryon (1938) is the only recent author who recognized the plant, and he 
stated that it seemed to be genetically distinct from typical B. multifidum 
which grew with it at Sand Lake, Douglas Co., Wisconsin. He named it, 
however, as B. multifidum f. dentatum and did not associate it with B. ter- 
natum. 

Current studies seem to justify upholding the grapeferns named above 
as distinct species. At least if any one is made a variety of any other, all of 
them will logically have to be made varieties of one species since no one of 
them seems more distinct than any other. All four of the presumed species 
co-exist in the same environments and behave as separately breeding popula- 
tions. If hybridization takes place between them it must be rare. Observa- 
tions of thousands of plants in well over a hundred localities indicate that 
the plants fall readily into four categories. Any combination of two, three, 
or four species may grow together, side by side, in the same microhabitat. 

Many people helped me in this mvestigation, which was made in the 
spring, summer, and fall! of 1959, and I wish to thank them all. What 
emerged was a broad picture of the changes in living populations during 
a season. These changes are not synchronous between species, however, and 
it now seems evident that each has its own characteristic periodicity. In the 
report to follow, a description of the yearly cycle of the evergreen grape- 
ferns will be given, followed by an examination of each variable. 

The Yearly Cycle. Our evergreen grapeferns produce a single leaf each 
year unless injured. The leaf emerges in the spring and grows and matures 
very slowly, not producing spores until fall. In adult plants, the leaf 
primordium always forms a fertile segment near the petiole base ; the fertile 
structure often fails to develop, however, beyond the primordial stages. It 
may be detected in the fully expanded leaf only as a tiny white projection 
of the petiole, near the ground, the vestige more or less matted with hairs. 

Botrychium of this group are inconspicuous during most of the year, but 
especially in winter and spring when their leaf blades lie nearly flat under 
grasses or woodland ground cover. The plants are most noticeable in August, 
September, and October, when individuals with expanded fertile structures 
may be spotted among the herbs and brambles, and the usually more numer- 
ous sterile plants may be found by scouting near by. 
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Time of spore production varies between species and to a lesser extent 
between individuals of the same species. During early fall, the fertile axes 
soften, turn brown, collapse, and decay, leaving only the sterile blade which 
is evergreen and persists, unless eaten by animals or otherwise destroyed, 
until the following summer. By October and November, many leaves turn 
a reddish to bronze color, especially those in direct sunlight. This coloration 
is most expressed in B. dissectum and in some colonies (both in woods and 
fields) all the leaves except those under leaf duff or grass become rich, 
almost mahogany colors. The other species less commonly change color when 
growing in woods, but in pastures and meadows these will also become 
reddish or bronze. During the following spring, especially in May and early 
June, all pigmented leaves lose their winter colors and turn green once 
again. Now the new leaf, enclosed in the sheathing base of the previous 
year’s leaf, begins to unfold and breaks its covering (Fig. 3, A). When the 
new leaf has reached full stature, the previous sterile blade becomes flaccid, 
turns light yellow, then pale brown, and finally rots away. 

It is during June and July that the periodicity differences between spe- 
cies are most marked. The sequence of leaf development from (1) primor- 
dium fully formed but enclosed in last year’s leaf sheath, to (2) primordium 
extended in the soil from the now broken sheath, to (3) the above-ground, 
curled young leaf, to (4) the fully expanded sterile blade with still curled 
fertile segment (time of meiosis, Fig. 3, D), to (5) fully expanded fertile 
segment; to (6) sporangial maturation, is astonishingly gradual. The pro- 
longed process lasts three or four months. From enclosed ** bud’’ to expanded 
sterile blade takes eight to ten weeks, and to fully spread and mature fertile 
segment with yellow sporangia, three to four more weeks. For the sporangia 
to dehisce and turn brown takes two or three weeks longer. On the average, 
Botrychium dissectum in southern Michigan bursts its bud sheath the first 
week in June, has fully expanded (though soft-tissued ) sterile blades by the 
last week in July, expanded fertile segments in the middle of August, and 
releases spores the last half of September. 

The sporangia undergo a subtle change from green to yellow-green to 
yellow, as the spores within mature. When dehiscence approaches, the spo- 
rangia turn yellow-brown, the sides yellow and the breakage line brown. 
Ultimately, after dehiscence, the sporangia become brown all over. The 
young sporangial walls contain many chloroplasts, but these degenerate and 
disappear as the sporangium matures, although the nuclei of the cells re- 
main. The bright sporangial color at this stage is apparently due to cell 
walls, which are brilliant yellow under the microscope. The subsequent 
change to brown accompanies the death and darkening of the cells and cell 
walls. 


Other color changes take place in the developing leaves, especially along 
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the unfolding axes of the sterile blade. The colors involved are reds: Young 
blade primordia of two species (B. dissectum, B. ternatum) are pale scarlet 
at first, and the bronze color lasts along the midrib as the blades unfold, even 
though the lamina turns green. The two other species (B. multifidum, 
B. oneidense ) nearly or entirely lack this red coloration of the blade primor- 
dia. The mature blades in autumn show reddish or bronze pigmentation of 
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Fig. 2. Comparison of lengths of 1958 leaves with 1959 leaf primordia. 1. All 
southern Michigan collections June 11-26 inclusive. 2. B. dissectum and B. oneidense. 


Ida Twp., Monroe Co., July 3. 3. Juvenile plants, Lyndon Twp., Washtenaw Co., July 1. 
See text. 


the petioles which extends more or less into the midrib, especially on the 
underside of the blade. Although there is variation, the same two species 
which have red early blade primordia have a greater extent of reddish pig- 
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ele’? narrower or absent (Wagner, 1959). Environment may also modify 
the time of primordial development and extent of pigmentation. All speci- 
mens of B. multifidum found by Dr. Olga Lakela and the writer in an ex- 
tremely exposed, rocky spot at Ash River, St. Louis Co., Minnesota, were 
more advanced in development than any others of this species found in less 
exposed localities during the period June 16-18, 1959 in Minnesota and 
northern Wisconsin. 

Prior removal or destruction of the previous year’s leaf fosters ac- 
celeration in vernation. Dr. Lakela and I first noticed this in ditches west 
of Embarrass River, St. Louis Co., Minn. Of a total of 23 plants, the 8 which 
lacked the 1958 leaf (presumably by deer browsing) had nearly or entirely 
expanded 1959 leaves; but the 15 which still had the 1958 leaf had only 
curled and small 1959 leaves. In Figure 2, several curves have been plotted 
to show differences between 1959 leaves of southern Michigan plants with 
1958 leaves and those without (the curves in black the former, those without 
shading the latter). 

Sampling and Measurements. To compare populations, several prob- 
lems must be met. For accuracy, only plants that grow mixed in the same 
habitat can be used, because rainfall, terrain, soil, and vegetational differ- 
ences between localities may make comparisons faulty. The major problem, 
then, is to find habitats where two or more species co-exist. The ideal situa- 
tion of all four species living together in the same habitat is a fairly rare 
coincidence. And even where the four co-exist, one or two of the species 
may be represented by one or a few individuals. Another problem involves 
sampling: No method of random selection could be worked, so the procedure 
was to find a spot where the plants grow, and then to collect all specimens 
of all species in sight. 

Although it is much more difficult to find plants in late spring and 
early summer than in late summer and fall, because of overtopping of herbs 
and absence of fertile segments, it is imperative to study the plants at this 
early stage. At this time the differences between species are more profound 
and readily perceived than during the terminal stages of late summer and 
fall. To sample for vernation stages in spring and early summer we found 
habitats—woodlots, edges of fields, brushy thickets, ete-—where one or more 
species grew, and took all plants seen, rhizomes included. For data in Au- 
gust, September, and October, the work was easier (and less destructive). 
Plants are more readily found then, and there is no need to take rhizomes. 
Only the matured leaves were removed. 

To assure as complete absence of subjectivity as possible, all measure- 
ments were made by persons essentially unfamiliar with these plants and 
without preconceived notions of what the differences might be. The methods 
of measuring are described below. 
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Vernation. Periodicity differences are most marked in June and early 
July. Collections were begun in early June and the changes of leaf develop- 
ment followed until August, when the sterile blades of all species were 
fully expanded. The stages of development were measured by comparing 
the lengths of the old leaves of 1958 with the new primordia of 1959. De- 
terminations of 1958 leaves were made only of specimens with complete 
midribs and terminal pinnae. Lengths of the 1959 primordia were measured 
from primordium base (i.e., the base of the enclosing sheath) to the top 
of the primordium (whether still enclosed in sheath or not). All measure- 
ments were of sterile blade lengths. So long as the blade was still circinate, 
no attempt was made to measure the curled up part of the blade; the pri- 
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Fic. 4. Comparison of length ratios, 1959 Ivs./1958 lvs., of all plants, June 11-26 
inclusive, in southern Michigan. 


mordium was simply measured as a whole, from base to top. Miss V. B. 
Schafer made the measurements in units to the nearest half centimeter. 
Ratios of 1958 lvs./1959 lvs. are expressed as percentages (Fig. 4, Table 1). 
All the data for a two-week period in June are given in Table 1 as mean 
ratios of each species from each locality. Only southern Michigan material 
is included, because of the difference in latitude of the northern Wisconsin 
and Minnesota localities visited on June 16-18. A value of 16.4% means that 
the 1959 leaf primordium was 16.4% the length of the 1958 leaf (Fig. 3, A 
Botrychium dissectum is least developed; B. ternatum somewhat more de- 
veloped ; B. oneidense has progressed further yet ; and B. multifidum exceeds 
all the others in maturity of its new leaf. When analyzed (by Dr. R. L. 


19 





VOL. 87 


early 


velop- 
were 
aring 
. De- 
iplete 
sured 
e top 
isure- 
inate, 
» pri- 


eter, 
el). 
nean 
erial 
sin 
that 
4? 
S de- 
‘eeds 


t. L. 





1960] WAGNER: SCEPTRIDIUM IN THE NORTHEASTERN UNITED STATES 311 


Hauke and by the Statistical Research Laboratory of the University of 
Michigan) the differences have been found to be statistically significant. 
Tables of the raw data will be sent to interested readers upon request. Simi- 
lar measurements were made on material taken a week later (July 3) and 
more than 1° of latitude southward, in a locality in Monroe Co., Michigan 
(Fig. 3, E, F; Fig. 2, 2) with the following, also statistically significant, 
results (N = sample size; X = mean ratio) : 


N x 
B. dissectum (9059) 49 43.0% 
B. oneidense (9060) 38 70.7% 
B. multifidum (9061) 5 110.9% 


TABLE 1, Length ratios 1959 If./1958 Uf. expressed as percentages. All collections from 
Michigan, 1959. 


B. dissectum B. ternatum B. vneidense B. multifidum 
Midland Co. N’ (coll. 18 (9027) 23 (9029) 2 (9028) 
x 

June 11 12.2 22.9 _ 91.5 
Saginaw Co, — — 6 (9037) 1 (9038) 

June 2] — a 10.5 121.0 
Saginaw Co. 4 (9039 " 2 (9041) 4 (9040) 

June 21 15.6 a 52.7 85.1 
Saginaw Co. — — 1 (9042) 

June 21 — — 71.4 
Saginaw Co. 10 (9043) 

June re | 22.3 - — — 
Saginaw Co. 15 (9045) 3 (9048) 9 (9047) 6 (9946) 
June 2] 17.7 20.3 31.0 97.9 
St. Clair Co 27 (9049) om 1 (9050) 12 (9051) 
June 26 15.8 °6.6 88,2 
St. Clair Co. 52 (9052) 6 (9055) 32 (9054) 16 (9053) 
June 26 16.6 24.6 30.6 98.4 
POOLED 126 32 50 45 

= 164(8=63 23.0(S = 8.6) 32.6(S — 14.1) 93.7(S8 = 21.2 


Thus, although new leaves of B. dissectum are further advanced than those 
of B. oneidense one to three weeks earlier in other. more northern localities, 


B. oneidense had continued to advance : 


; Whereas it was previously 1.83 times 
greater than B. dissectum, the relationship is still roughly the same, being 
1.64 times greater. Botrychium multifidum is still well ahead of B. oneidense. 

The analyses show a consistent pattern of difference in time of leaf de- 
velopment, B. dissectum last and B. multifidum first. The other two species 
are intermediate, but the differences between B. dissectum and B. ternatum 
are significant, and those between B. dissectum and B. oneidense are greater 
yet. They all presumably grow at approximately the same rate. The differ- 
ences apply as well to juvenile plants, and these were pooled with the 


mature ones in obtaining the comparisons (Fig. 1, 1 and 2). However, to 
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show this with juvenile plants alone, a habitat supporting only very young 
plants of B. dissectum and B. multifidum was located in Washtenaw Co., 
Michigan. Along an old horsetrail, numerous gametophytes had formed in 
the soil, and there were hundreds of juvenile sporophytes. Mature plants of 
both species grew in woods near by. A transect 3 x6 feet was made across 
the path and all plants taken, randomized, and an equal sample drawn, 
The results (Fig. 1, 3) demonstrate the same periodicity relationships as 


those of adult plants. 
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Fic. 5. Colors on adaxial surface of leaf midrib of crosiers of B. dissectum and B. 
oneidense Lyndon Twp., Washtenaw Co., Mich., July 24, 1959), based on Villalobos- 
Dominguez color charts. (Vertical axis, degrees of chromaticity; horizontal axis, hue). 
Triangles, primordia still tightly circinate; circles, primordia with blades expanding but 
curved 90—180° ; dots, blades expanded but curved 0-90°; X’s, blade axes straight, blade 


more than one-half fully expanded. 


Linear measurements of primordium length do not really do justice to 
the striking morphological differences of the species growing together in the 
same habitat. The primordia up to ea. 20 per cent of the length of the pre- 
vious year’s leaf are largely still below the ground surface and not visible. 
Those between 20 and 60 per cent are above ground and readily visible, but 
the blade portion ranges from a tightly coiled crosier to a loosely curled, 
though still relatively small, embryonic blade. Beyond 60 per cent, the axes 
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of the blade straighten and the blade spreads out to its final size and shape. 
On June 26, for example, in St. Claire Co., Michigan, most of the plants of 
B. dissectum had the tips ef the primordia at or below the soil surface; 
B. ternatum was similar; most of the B. oneidense had primordia protrud- 
ing conspicuously above the ground beside the previous year’s leaf; and the 
new leaves of B. multifidum were nearly fully expanded. Figure 3 illustrates 
these different states. 

Pigmentation of Leaf Primordia. During early vernation, there are 
obvious color differences between the leaf primordia of the species. However, 
these differences involve the primordial blade only, but not the petiole which 
is reddish in all the species. The colors were compared (by Miss Schafer) 
using the system of Villalobos-Dominguez (1947). The young blade colors 
of B. multifidum were not compared at their earliest stage of growth, esti- 
mated to occur in late April and early May in southern Michigan. By the 
time the other species begin expanding their leaves in the latter half of 
May and in June, the leaves of B. multifidum are so advanced that they are 
not comparable. Observations of young primordia in northern Wisconsin 
and Minnesota indicate, however, that this species is more like B. oneidense 
than either B. dissectum or B. ternatum. They were pale green and showed 
pinkish midribs only where growing in the most exposed situations. 

The youngest unfolding leaves of B. dissectum and B. ternatum have 
the same pigmentation, a brilliant pale red or scarlet. As the leaves grow 
further and their blades unfold, the color disappears on the lamina, remain- 
ing only the abaxial side of the midrib and major pinna axes. By the time 
their blades unfold, however, the axial colors change to a dull orange-brown. 
Botrychium oneidense contrasts sharply with these two species: At no time 
during the vernation of the leaf is there reddish or orange pigmentation of 
the blade. The lamina is bright green at all stages just before and after the 
primordium emerges from the sheath. The primordial blade color of B. 
oneidense is an absolute difference (i,¢.,.one in which no overlapping was 
observed) between it and B. dissectum. To make the comparison in Figure 5, 
the colors of the main axes of the underside of the blade were used. The 
changes in progressively more developed primordia of B. dissectum are in 
sharp contrast to B. oneidense in which the blade color stays uniform after 
the primordium emerges from the sheath. Even the still ensheathed pri- 
mordia of B. oneidense are green, but it is paler; ensheathed blade primordia 
of B. dissectum are pinkish white. 

These young-leaf colors do not, unfortunately, hold up in pressing. 
Precise color photographs were taken, however, by the University of Michi- 
gan Photographic Services, and these will be sent to herbaria with the 
vouchers. 

Maturation of Sporangia. Authors have long referred to the fact that 
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B. dissectum releases spores a month or so later than does B. multifidum 
e.g., Fernald, 1950; Morton, 1952). This difference was examined in more 
detail, and the maturation of sporangia in B. ternatum and B. oneidense 
compared at the same time. The developmental stages were estimated by 
color changes given above, i.e., from green to yellow to brown. Intermediate 
stages were determined as yellow-green and yellow-brown, the latter the 
stage in which the line of dehiscence turns brown but the sides of the spo- 
rangium are still yellow. The color comparisons were made by Messrs. David 
B. Lellinger and John T. Mickel. 
The results, as expressed in percentages of the sample, are summarized 
in Table 2. The same periodicity relationship between the species that was 


TABLE 2. Maturity of sporangia on diffe rent dates as estimated by colors: D dissectum, 
7 ternatum, O—oneidense, and M multifidum. 


Green Yellow-Gr. Yellow Yellow-Br. Brown Fertile Lys. 
Addison Co. Vt. 
August 18 
D (9080 87.5 12.5 —_ ‘i R 
T (9082 33.3 41.7 25.0 12 
M (9081 26.5 44.1] 29.4 17 
Midland Co. Mich. 
Sept. 9 
D (9096 20.0 46.2 15.4 be 0.8 260 
T (9099 2.3 66.2 20.9 9.0 1.7 23 
M (9097 ~ 9.1 36.3 54.6 22 
Saginaw Co. Mich. 
Sept. 20 
D (9101 5.6 31.7 28.2 28.8 5.6 142 
O (9102 - 9.7 6.4 94.9 29.0 31 
M (9103 - ~—= - 25.0 75.0 4 
Gratiot Co. Mich. 
Sept. 20 
D (9105 13.6 43.2 22.8 12.4 8.0 162 
T (9106 16.0 91.4 30.6 °6.6 5.3 75 
O (9107 33.3 - 66.7 3 
M (9108 - 6.7 13.3 d3.0 26.0 15 
Saginaw Co. Mich. 
Sept. 20 
D (9109 . 5.5 27.8 66.7 18 
O (9110 — 12.5 _- — 87.5 Ss 
Mecosta Co. Mich. 
Sept. 26 
D (9115 3.6 22.9 10.9 33.7 28.9 83 
T (9118 — 60.0 20.0 °0.0 5 
M (9116 26.4 5.3 10.5 57.8 19 


found in their vernation is reflected in sporangial maturation. Botrychium 
multifidum matures first; B. oneidense is next; B. ternatum follows; and 
B. dissectum is the last. Although there are differences, | do not think they 
are sharp as one might be led to believe from the literature, because 
there is considerable overlap. The differences between the species at the time 
of early vernation in June are much more striking. 
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Pigmentation of Mature Sterile Blades. From late July to late August, 
many of the leaf blades are still soft, and one may assume that the cells 
are not yet completely differentiated. When these specimens are pressed 
their tissues become translucent, and differ in texture from the dried speci- 
mens of fully mature blades of September and October. To make comparisons 
of blade pigmentation, only the later, mature collections were used. The 
tissue of the laminar segments is rarely pigmented in any of the species 
prior to the autumnal color change starting in late October. Only the under- 
sides (abaxial surfaces) of the blade midribs show pigmentation, this usually 
as a pale purplish or reddish cast. To measure this, the total midrib length, 
including the terminal segment, was determined, and the extent of the 
reddish pigmentation measured along the midrib from the blade base to 
the last point where it could be detected in good daylight. To express it, 
the average percentage of the total midrib which was pigmented was com- 
puted (Table 3). To illustrate it comparatively, the curves of total blade 


TABLE 3. Rachis pigmentation in mature leaves 





B. dissectum B. multifidum B. oneidense B. ternatum 
Midland Co., Sept. 9 82 (9096) 42 (9097 ) 1 plant 82 (9099) 
Mostly exposed 41.8 23.9 42.2 
Monroe Co., Sept. 16 20 (9100-1 —_— 14 (9100-2) 11 (9100-3) 
Exposed and shady 27.6 8.9 26.8 
Saginaw Co., Sept. 20 50 (9101) 11 (9103) 50 (9102) 2 plants 
Exposed and shady 39.1 13.6 6.4 
Gratiot Co., Sept. 20 100 (9108) 20 (9107) 12 (9106) 100 (9108) 
Exposed and shady 37.6 22.2 13.3 47.1 
Saginaw Co., Sept. 20 50 (9109) ——- 50 (9110) — 
Deep shade 11.6 — 1.4 a 
Mecosta Co., Sept. 26 50 (9115) 43 (9116) 21 (9117) 16 (9118) 
Mostly shaded 23.2 9.6 2.3 30.8 
Monroe Co., Oct. 9 50 (9121) —_— 15 (9122) 50 (9123) 
Mostly shaded 31.2 — 3.4 23.1 


length were plotted, together with curves of the extent of coloring, for 
several collections (Figure 6). 

The results show definite pigmentational differences between the taxa; 
but they also show strong differences of the same taxon in various habitats. 
For example, collections of B. dissectum in deep shade had an average of 
only 11 per cent of the blade length with reddish color, in contrast to plants 
growing out in open fields with 41 per cent of the midrib so colored. Even 
the ‘‘greenest’’ of the species, B. oneidense, may in exposed conditions have 
as much pigmentation as B. dissectum in deeply shaded conditions. 

[It can be concluded that B. dissectum and B. ternatum have the most 
rachis pigmentation in the mature leaves of the fall; B. multifidum, on the 
average, shows two-thirds to one-third as much; and B. oneidense has only 
one-third to one-ninth as much. A much larger proportion of specimens of 
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Fic. 6. Pigmentation of mature midribs of Botrychium: The top curve of total 

midrib length; the lower curve of extent of pigmentation of abaxial side of midrib. 

(Dots represent individual specimens; solid lines the number of individuals with no pig- 
mentation on rachis at all.) 
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B. multifidum and B. oneidense have no pigmentation at all on the midrib 
than of B. dissectum and B. ternatum, as shown by the solid lines in Fig- 
ure 6. As with primordia, the colors of mature blades are modified by 
pressing and drying, so that these studies should be made with living speei- 
mens. 

Thickness of Mature Blades. Botrychium oneidense has been described 
as having a ‘‘thin texture of the blade’’ (Clausen, 1938, p. 50), and ‘‘as 
more leathery {than the other evergreen grapeferns|’’ (Wagner, 1959, p. 
100). Dix (1945, p. 39) argued that ‘‘the old story about the relative thin- 
ness of var. oneidense should be omitted from taxonomic discussion of 
this group till further examination of material from similar environments 
is made.’’ Accordingly, a brief study of leaf thickness was carried out on 
samples of B. oneidense growing with other species in three localities. Living 
segments were cut on the freezing microtome. Five leaves of each species 
were taken randomly from each collection, and the terminal segment of the 
second pinna pair removed from each. Each was then cut into three approxi- 
mately equal parts, and sectioned transversely at 75 microns. The sections 
were placed in Syracuse watch glasses, and then mounted under a cover-slip 
in water. Measurements were made (by Miss Virginia Morzenti) using an 
ocular micrometer at 150x magnification; they were taken approximately 
half way from the segment midrib to the margin. The thickest point (at a 
vein) and the thinnest point (between veins) were measured separately on 
three sections of each leaf. Thus a total of thirty measurements were made 
of each species from each locality, 6 measurements from each of 5 randomly 
picked leaves. 

The results are shown in Table 4. If there are differences in the same 
habitat in leaf thickness these are probably subtle. The data do emphasize 
the correctness of Dix’s argument that specimens should come from the 
same environment: The Mecosta County collections were consistently thicker 
than those of the same species from Monroe County. Other measurements 
were also made at three-fourths the distance from the segment midrib to 
the margin and gave the same results. There was more difference between 
different localities of the same species than between the various species in 
the same locality. It was concluded, therefore, that the laminar thickness of 
the several species growing in the same habitat has probably only minor 
differences if any at all. This does not preclude the possibility that there are 
differences in other factors that determine texture. For example, there may 
be differences in cuticular or cell-wall thicknesses. The segments of B. onei- 
dense do appear to be smoother above, the veins less conspicuous, and the 
surface less shiny, than in the other species, but no way of expressing this 
quantitatively was found. 

The Interpretation of Botrychium oneidense. The main characteristics 
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used to identify B. oneidense are the well-known features of blade morphol- 
ogy. The segments are few and large (Fig. 1, B). Botrychium oneidense 
tends to be more restricted in its occurrence to low, shady, acid woods than 
are the other species, but it does grow in fields occasionally, and it usually 
occurs intimately associated with one or more of the other species. The idea 
that its lamina is distinctively thin is questionable (see above). The species 
is very local, but it may become extremely abundant. Its endemic eastern 
American distribution is narrower than any of the other taxa considered 
here, and it grows mainly in glaciated areas from Quebee across the south- 
ern Great Lakes region to Wisconsin and possibly Minnesota. The southern 
extent of B. oneidense is uncertain but it follows the mountains to North 
Carolina. 

This investigation shows that B. oneidense differs most sharply from 
B. multifidum in the time of leaf development, but it differs also in time of 
spore production and in the pigmentation of the mature midrib. When dif- 
ferences in leaf cutting and spore characteristics (to be reported later) are 
also considered, I think any likelihood of their being conspecific is very 
small. A greater problem involves the sometimes rather similar ‘‘ forma 
obliquum’’ of B. dissectum. The less divided forms of B. dissectum may 
usually be separated readily from B. oneidense by their more pointed and 
more numerous segments, the margins of which are usually more or less 
conspicuously and irregularly denticulate; but occasional individuals are 
confusing. In growth period, however, B. oneidense differs from B. dissectum 
(as shown in Table 1, and Figs. 1, 2, and 3): The leaves of B. oneidense in 
the third week of June average almost twice as far expanded as those of 
B. dissectum, and the same periodicity relationships continue until maturity 
and spore production (Fig. 2, graph 2; Fig. 3, E; Table 2). Between these 
species there is overlapping, however, and the least developed plants of 
B. oneidense lie at approximately the same stage as the most developed 
B. dissectum. This overlap constitutes no serious problem in late spring and 
early summer, however. There is an absolute distinction in the pigmen- 
tation of the primordial blade axes. The young blades in B. oneidense are 
entirely bright lime green, even in the earliest vernation, but those of B. dis- 
sectum range from gray- to whitish-scarlet (youngest primordia) to dull 
orange-brown (older primordia). 

By the time the leaves are mature in September and October, the red- 
dish color may extend, in B. oneidense, from the petiole a short distance 
onto the midrib. In B. dissectum the mature pattern of reddish color is ap- 
parently the result of elimination of pigment—the pigment at first extend- 
ing over the primordial blade and all its parts, then delimited on the axes, 
and finally confined to the lower third or fourth of the midrib only. The 


culmination of these changes in B. dissectum and B. oneidense does not, 
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however, make them alike: At maturity and in the same habitat, the midribs 
of B. oneidense still have far less pigmentation on them than do those of 
B. dissectum (Table 3). Botrychium oneidense differs from B. ternatum in 
periodicity and pigmentation in much the same ways as it does from B. dis. 
sectum., 

In conclusion, B. oneidense has its own characteristics of periodicity 
and pigmentation, and it is different in these respects from all three of the 
other taxa. 

The Interpretation of Botrychium ternatum. This wide-ranging taxon 
(Fig. 1, C) is like B. multifidum with which it has usually been confused, 
primarily in the plan of its leaf blade, the segmentation continuing more or 
less symmetrically to the tips of the pinnae. In B. dissectum and B. onei- 
dense, the segmentation of the pinnae ceases more abruptly, and the distal 
one-third or one-fourth of the pinna is usually more or less undivided. The 
species has a wide range in the Old World. In the New World, B. ternatum 
is the least common of the taxa, but there are scattered records from roughly 
northwestern Wisconsin across southern Michigan, southern Ontario, north- 
ern New York and New England, to Quebec. It grows in many habitats, but 
reaches its best development in sandy soil at brushy edges of woods and 
shrubby fields (e.g., southern Michigan), on sandy lakeshores (northern 
Wisconsin), and in open pastures (northern New York and New England). 

The data of this study indicate that B. ternatum is much more similar 
to B. dissectum than to B. multifidum. The strongly angular shape of the 
blade segments and their denticulate margins are characters like B. dis- 
sectum (Fig. 1, C, D; Fig. 3, A, B; Wagner, 1959, pl. 8). Other features of 
B. ternatum that closely resemble B. dissectum but differ strongly from 
B. multifidum are (a) periodicity of vernation; (b) pigmentation of the 
midribs (1) in vernation, and (2) at.maturity; and (c) time of spore pro- 
duction. The time of leaf development of B. ternatum is utterly unlike that 
of B. multifidum and in the month of June the primordia of the two species 
are immediately separable: Those of B. ternatum are only one-fourth or one- 
fifth as tall as the previous vear’s leaf and still tightly coiled, while those 
of B. multifidum are nearly as tall as the old leaf and have almost or entirely 
expanded sterile blades. The pooled length ratios of 1959/1958 leaves of 32 
plants of B. ternatum from three localities and 43 plants of B. multifidum 
from seven localities in southern Michigan did not even show an overlap 
(Fig. 4). The pigmentation of young primordia and mature leaves of B. ter- 
natum is much more extensive than that in B. multifidum. The sporangia of 
B. ternatum lag considerably behind those of B. multifidum in maturation, 
as shown by their color changes. Specimens kindly lent by the University 
of Wisconsin and U.S. National Museum show that E. P. St. John noticed 
this difference at Parishville, St. Lawrence Co., N.Y., in 1942; although his 
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taxonomic determinations of the plants were different from those used here, 
he considered B. ternatum to be ‘‘later than’’ B. multifidum. 

Thus, although B. ternatum has been confused with B. multifidum in 
the past, our data show that in a number of respects it lies considerably 
closer to B. dissectum. However, there is no more reason to interpret it as a 
variety of one than a variety of the other. All that can be said is that B. ter- 
natum is least like B. oneidense, all characteristics considered. 

Discussion. The foregoing comparisons tend to support the conclusion 
that there are four distinct taxa among the evergreen grapeferns that occur 
in the northeastern United States. Two of them (B. dissectum and B. onet- 
dense) are endemic to North America; the other two (B. multifidum and 
B. ternatum) occur also in the Old World. All four plants are closely related, 
and how they should best be classified is a question. Admittedly, the line 
between varieties, subspecies, and species is difficult to draw. The question 
here is not that, however; it is more a matter of taxonomic consistency. 
Using the initials of the taxa, there have been in the past roughly four 


approaches : 


I II III IV 
1. M (inel. T) 1M 1. M (inel. T) 1 D 
2. D a a ee 2. M var. O 2. M 
3. D var. O 3. D 3. D a; © 
4. Dt @ &. F 


A fifth approach might be simply to merge the entire assemblage into one 
species, and not separate any categories at all. However, I believe that no 
botanists familiar with these plants would accept the last, since they patently 
fall into four groups. But the moment any one of the groups is included with 
another as a variety, then all have to be recognized as varieties—a sixth 
approach—if taxonomic standards are to be maintained. On _ biological 
grounds, however, | find it difficult to conceive of two or more ‘*‘subspecies’”’ 
or ‘‘varieties’’ of one species, co-existing at innumerable points over large 
geographical areas, as do the taxa under examination here: if they are truly 
varieties (at the diploid level) they should inevitably be able to interbreed, 
and thus obscure and obliterate the characters of taxonomic separation. All 
evidence seems to indicate that biological barriers exist which are keeping 
these taxa discrete. 

Botrychium oneidense differs from both B. dissectum and B. multifidum 
in leaf outline characteristics that are well known to students of these plants. 
Some authors see a greater resemblance of the leaves of B. oneidense to 
B. dissectum; others see more resemblance to B. multifidum. But B. onei- 
dense differs in leaf outline from both. As shown in the present paper, it 
differs from these species also in periodicity of development, foliar pigmen- 
tation, and sporangial maturation. Botrychium ternatum likewise is distinct 
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from both B. dissectum and B. multifidum in characters of its leaves. Al- 
though its blade plan is like B. multifidum, the individual segments average 
in outline and margins more like those of B. dissectum. Botrychium terna- 
tum has always been associated with B. multifidum in literature and her. 
barium, but the characteristics examined in this investigation are more like 


B. dissectum. It seems interesting that workers in the past have considered 
that B. oneidense might be a hybrid of B. multifidum and B. diss ctum, 
because the same suggestion might be made as well for B. ternatum. The 
two taxa B. oneidense and B. ternatum are, however, very distinct from one 
another. With such eriss-crossing of resemblances between the four taxa, 
and with their well defined and separate ensembles of average differences, 
then, an interpretation of four species of intimate affinity seems justified, 


Voucher Specimens (|| collected in 1959, in Michigan unless otherwise indicated, 
June 3: Midland Co., E. side of Jefferson Rd., 0.5 mi. N. Shearer Rd., R.2E, T.16N, 
Sect. 15—9889 (D), 8999 (T); Bay Co., E. of Pinconning and Detroit and Mackinae 
R.R., R.14E, T.17N, Sect. “0—9002 (O), 9003 (M), 9004 (D). June 11: Midland Co., 
S. side of road, R.2E, T.16N, Sect. 29, NW 4—9027 (D). 9028 ( M), 9029 (T). June 16: 
Douglas Co., W isconsin, Solon Springs—9030 (M). June 1? : Douglas Co., Wisconsin, §. 
side of road Y, 2.5 mi. W. of Eau Clair Lakes, Sect. 33, R.10, T.44—9033 (M). June 18: 
St. Louis Co., Minnesota, Observation Tower at Ash River—9034 (M ); Exposed ditches 
along highway #20, just W. of Embarrass R.—9035 (M). June 1: Saginaw Co., 47 
mi. S. of Frankenmuth along M-83, Sect. 22, R.6E, T.10N—9037 (O), 9038 (M ; 1 mi, 
N. of Birch Run, along Sever Rd., Seet. 17, R.6E, T.10N—9039 (D), 9040 (M),. 9041 
(O); 2 mi. S. of St. Charles, E. side of M 47, Sect. 18, R.3E, T.10N—9042 (M ); E. of 
Fordney Rd., ca. 4 mi. SSW of St. Charles, Sect. 25, R.2E, T.10N—9043 (D ), 9044 (M); 
Fordney Rd., N. of Brady Rd., Sect. 11, R.2E. T.9N—9045 (D), 9046 (M ), 9047 (O), 
9048 (T). June 26: St. Clair Co., E. side of Wales Rd.. just N. of Smith Creek Rd. 
Sect. 26, R.1I5E, T.16N, Wales Twp.—9049 (D), 9050 (O), 9051 (M ); N. side of Route 
21, 0.4 mi. W. of Beach Rd., Seet. 6, R.17E, T.6N, Port Huron Twp.—9052 (D), 9053 
(M), 9054 (O), 9055 (T . July 1: Washtenaw Co., shady path, juvenile plants, Lyndon 
Twp., near Roe Rd., Sect. 30, R.3E, T.1S—9057 (D). 9058 (M). Julu 3: Monroe Co. 
woods on W. side of Secor Rd., 0.4 mi. S. of Todd Rd., R.7E, T.8S, Seet. 30, Ida Twp.— 
9059 (D), 9060 (M), 9061 (O). July 5: Monroe Co., along Dixon Rd., 2 mi. N.E. of 
Petersburg, R.6E, T.68, Sect. 35—9064 (D), 9065 (M , 9066 (T). July 24: Washtenaw 
Co., N. side of U.S. 12, 1 mi. W. of junct. with M 92, R.3E, T.28, Sect. 14—9068 (D), 
9069 (QO); Lyndon Twp., near Roe Rd., Sect. 40, R.3E, T.1S—9071 (D), 9072 (QO). 

August 18: St. Lawrence Co.. New York, Parishville, open pasture on E. edge of 
village—9073 (D), 9074 (M): ea. 3 mi. W. of Parishville, heavily grazed pasture—9078 
(D), 9079 (T). August 19: Addison Co., Vermont, Bristol, Mr. Devino’s pasture at foot 
of mountain—9080 (D), 9081 (M ), 9082 (T) ; shady pasture, Mt. Philo. near park road 
—9083 (D), 9084 (T): Franklin Co., Vt., 1.1 mi. W. of Fletcher, S. side of rd.—9085 
(D), 9086 (M), 9087 (T . 

September 9: Midland Co., 8. side of Rd.., R.2E, T.16N, Sect. 29, NWY%4—9096 (D), 
9097 (M), 9098 (O), 9099 (T). gs ptember 16: Monroe Co., woods W. of Plank Rd., 
0.7 mi, N. of junet. with Ostrander, R.7E, T.58, Sects. 28 and 29—9100-1 (D), 9100-2 
(O), 9100-3 (T). Sept. 20: Saginaw Co., around intersection of Chapin and Peat Rds., 
“.75 mi. N. of Chapin, R.1E, T.9N—9101 (D). 9102 (O), 9103 (M), 9104 (T); Gratiot 
Co., % mi. S. of M-46, 0.3 mi. W. of Meridian Rd., at S. end of serubland, T.12N, R.1W, 
Sect. 25—9105 (D), 9106 (QO), 9107 (M), 9108 (T): Midland Co., 4.6 mi. S. of Franken- 
muth along M-83, Sect. 22, R.6E, T.10ON—9109 (D), 9110 (O). S% pt. 26: Montcalm Co. 


E. of U. S. 131, R.10W, T.12N, Sect. 1—9111 (D), 9112 (M), 9113 (O), 9114 (T); 
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Mecosta Co., W. of U. S. 131, 0.3 mi. N.W. of Stanwood, R.10W, T.14N, Sect. 25—9115 
(D), 9116 (M), 9117 (O), 9118 (T). 

October 9: Monroe Co., woods just W. of new U.S. 23, % mi. S. of Ida W. Rd., R.7E, 
7.78, Sect. 6—9119 (D), 9120 (O); Woods E. side of new U. 8. 23, 1.7 mi. S. of Ida 
W. Rd., R.7E, T.78S, Sect. 7—9121 (D), 9122 (O), 9123 (T); woodlot on N. side of 
Grames Rd., 0.6 mi. from Tuttle Hill Rd., R.7E, T.5S, Sect. 10—9124 (D), 9125 (O), 
9126 (T) 


SUMMARY 


1. The inter-relationships and classification of the evergreen grapeferns 
(Botrychium subg. Sceptridium) are controversial because of subtle and 
overlapping characters. An investigation was made of characteristics of 
periodicity and pigmentation which might bear on their systematic inter- 
pretation. 

2. Of the four taxa involved, the endemic Botrychium oneidense has 
been treated as a variety or form of the circumboreal B. multifidum and of 
the endemic B. dissectum or as their possible hybrid. The plant treated here 
as conspecific with B. ternatum of the Old World has either remained undis- 
tinguished or has been classified with B. multifidum or as a form of it. 

3. The yearly cycle of these plants in northeastern North America 
begins with the slow formation of a single leaf, which may or may not 
expand a fertile ‘* panicle.’’ During winter the sterile leaf blade is evergreen 
but may turn reddish to bronze, especially when exposed. The new leaf 
bursts its sheath in May or June, and the previous year’s leaf later dies. 
The maturation of the leaf and its fertile portion takes from three to four 
months, and is usually completed by September. 

4. Environmental factors such as browsing and exposure of habitat 
affect leaf development; it is therefore necessary to make comparisons on 
plants from the same habitat. In the present work all specimens in a given 
site were taken, and the measurements made of total samples or of random 
selections of the samples. 

5. Comparisons of vernation show that B. dissectum is the last to de- 
velop in the spring (early June); B. ternatum is slightly earlier; B. oner- 
dense considerably earlier; and B. multifidum starts the earliest (est. late 
April, early May). The same periodicity relationships between taxa were 


found at each locality and apply as well to juvenile as adult plants. 


6. The unfolding leaf primordia may be red or green. Botrychium dis- 
sectum and B. ternatum are pale scarlet or reddish, but those of B. oneidense 
and B. multifidum are green or pale green when first unfolding. 

7. As the sporangia mature in August and September they change from 
green to yellow to brown. Periodicity of sporangial maturation follows the 
same sequence in the different taxa as primordial development, though less 
clearly. 


8. Reddish pigmentation of the axes of mature blades in September and 
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early October varies with habitat, but shows definite differences in the same 


habitat : B. dissectum and B. ternatum have the most extensive reddish pig- 
mentation, B. multifidum and B. oneidense the least. 

%. Leaf thickness does not seem to differ significantly between the taxa, 
but may be altered by habitat. However, the texture of the leaves may in- 
volve other factors than laminar thickness alone. 

10. Botrychium oneidense differs in periodicity and pigmentation from 
all of the other taxa. The green color of its primordial leaf blades is evi- 
dently an absolute point of distinction between it and B. dissectwm. 

11. Botrychium ternatum is more like B. dissectum in periodicity and 
pigmentation than either B. oneidense or B. multifidum. On the basis of the 
characters studied here, a closer relationship to B. multifidum than B. dis- 
sectum seems unlikely. 

12. The conclusions of these observations, when combined with previously 
known facts, suggest that the most accurate taxonomic treatment is to ree- 
ognize each of the four taxa as distinct, though closely related, species. 

DEPARTMENT OF BOTANY 

UNIVERSITY OF MICHIGAN 
ANN ARBOR, MICHIGAN 
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Note.—Since the above was written, the extrapolations regarding Botrychium renpeateis 
he ‘onfirmed. On May 12, 1960, the leaf primordia of this species (9216) were 
i en a s os tee abn as those of B. dissectum (9215) but still below the 
— os ween Co Mich.) ; by May 22, the new leaves of B. multifidum (9222) 
ee ce and averaged five times the size of those of B. disse ctum et) 
which had apparently not begun growth for the agen yet tana i: seen 
blades of B. multifidum were pale green. On May 20 (Wayne es) *. ree 
had not emerged from the ground but its primordia were roughly twice - 7 iy gpg 
a B. dissectum (9218) in the same habitat. The use of infra-specific catagories sol 
lation to these plants is discussed by the writer in Amer. Fern Jour. 50 (no. 1): 32-45, 
1960. 
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SYNCHYTRII 
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In a previous paper (1942) under this title | gave a list of chytrid spe- 
cies which parasitize other chytrids and described two new species of Rozella, 
Since that time additional records of such parasites have been found in the 
literature and several new species have been described. Accordingly, the 
known number of such parasites has become fairly large, and the former 
list may be supplemented as follows: 

Chytrid sp. on Syunchytrium endobioticum (Kohler, 1924, fig. 10 

Rhizophydium parasitans Scherffel on Rhizophydium goniosporum (Scherffel, 1925). 

Phlyctidium anomalum Couch on Phlyctidium bumilleriae (Coueh, 1932 

Septospe rma rhizophydii Whiffen on Rhizophydium macrosporum (Whiffen, 1942). 

Septospe rma anomala (Couch) Whiffen on Phlyctidium bumelleriae (Whiffen, 1942). 
Rozella rhizophlyctii Karling on Rhizophlyctis petersenii Sparrow (Karling, 1942). 
















Rhizophydium chytriomycii Karling on Chytriomyces hyalinus and C. aureus (Kar- 
ling, 1944 

Rozella rhizophydii on Rhizophydium globosum (Karling, 1944 

Rhizophydium chytriophagum A jello on Phlyctochytrium aureliae (Ajello, 1945 

Rozella chytriomycii Karling on Chytriomyces hyalinus Karling (Karling, 1946¢ 

Phlyctidium mycetophagum Karling on Rhizophydium keratinophilum, R. coronum, 
Karlingia rosea, Chytriomyces appendiculatus, C. aureus, C. hyalinus, Astero 
phlyctis sarcoptoides, Siphonaria variabilis, Septochytrium variabile and Poly 
chyutrium agagregatum (Karling, 1946a 

Rhizophydium hyperparasiticum Karling on Karlingia granulata, K. rosea Septo 
chytrium macrosporum, and 8. plurilobulum (Karling, 1946b 

Chytridium rhizophydii Karling on Rhizophydium nodulosum (Karling, 1948 

Septosperma anomala (Couch) Whiffen on Chytriomyces tabellariae (Canter, 1949 

Rhizophydium (2?) sp. on Chytriomyces fructicosus (Karling, 1949 

Chytridium suburceolatum Willoughby on Rhizidium richmondense (Willoughby, 
1956 







Chytridium parasiticum Willoughby on Rhizidium richmondense, Entophlyctis sp., 
Chytridium suburceolatum and Septosperma rhizophydii (Willoughby, 1956). 

Septosperma rhizophydii Willoughby on Rhizophydium sp. (Willoughby, 1956 

Phlyctochytrium punctatum Koch on Phlyctochytrium punctatum (Koch, 1957, p. 
114 


Olpidium synchytrii Karling on Synchytrium namae (Karling, 1958 










Rhizophydium carpophilum (Zopf) Fischer on Synchytrium fulgens, S. macrosporum 
and S. linariae (Karling, 1958). 
Chytrid sp. on Chytridium coleochaetes Nowakowski (Canter, 1960 
It is apparent from the above list that with the exception of five species 
of Rozella and one of Olpidium, which belong in the Olipidiaceae, these para- 
sites are members of the monocentric eucarpic family Rhizidiaceae. In some 
cases species of the same genus may be host and parasite, respectively, and 
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in one instance a species may parasitize itself. Another example of how 
extensive parasitism among the chytrids may be is Willoughby’s (1956) 
report that Chytridium parasiticum is a hyperparasite on Chytridium sub- 
urceolatum which is itself a parasite on Rhizidium richmondense. 

To the above list may be added another species which I found as a viru- 
lent parasite of Karlingia rosea in soil cultures from Lafayette, Indiana. 
This host was isolated on strips of cellophane for class use, and in the course 
of several weeks became so densely parasitized that some of its sporangia 
were almost completely covered by those of the parasite (fig. 1). Up to 60 
sporangia and 116 resting spores, respectively, of the parasite have been 
found on single large sporangia of K. rosea. 

This parasite has epibiotic, non-apophysate, operculate sporangia, 
sparsely branched endobiotie rhizoids, minute posteriorly uniflagellate zoo- 
spores, and epibiotic tuberculate or verrucose resting spores which function 
as prosporangia in germination. Accordingly, it has the developmental and 
morphological characteristics of Chytriomyces, and because of its tubereu- 
late or verrucose resting spores it is diagnosed as a new species of this genus 


and named Chytriomyces verrucosus. 


Chytriomyces verrucosus Karling sp. nov. Thallus extra- et intramatri- 
calis, eucarpicus, monocentricus. Sporangiis extramatricalibus, hyalinis, 
laevibus, sessilibus, obpyriformibus, 20-46 x 15-32, diam., subsphaericis, 
24-42 diam., ovalibus, 20-28 x 29-32, diam., rare sphaericis, 18-38, diam., 
urceolatis, subclavatis, uno operculo apicali, subapicali, vel laterali, infre- 
quenter duobus, 12-20, diam. Zoosporis globosis 2—2.84 diam., una guttula 
olei et flagello posteriore instructis, 9-12, longo. Systemate rhizoideo intra- 
matricali, teneri, corymboso-ramuloso. Sporis perdurantibus extramatricali- 
bus, sphaericis et subsphaericis, 14-22, diam., pariete fusco verruculosoque, 
2—3.54 crasso; prosporangiis germinantibus membranas superficiales geren- 
tibus. 

Thallus epi-endobiotic, euearpic, monocentric. Sporangia epibiotic, hya- 
line, smooth, usually sessile, obpyriform,-20-46p high by 14-32, broad, sub- 
spherical, 2442, rarely spherical, 18-38, urceolate, subclavate and some- 
what anatropus with an apical, subapical, or lateral operculum, 12-20, 
dim., occasionally with two opereula. Rhizoidal system sparse, branched 
and bushy, sometimes extending to a diameter of 22,, originating at the 
tip of a main stalk or the base of the sporangium. Zoospores spherical, 2—2.8y 
diam., with a minute refractive globule ; flagellum 9-12, long. Resting spores 
epibiotic, light brown, subspherical to spherical, 14-22, diam., with a tuber- 
culate or verrucose wall 2-3.5u thick; functioning as a prosporangium in 
germination. 


Parasitie on Karlingia rosea, Lafayette, Indiana. 
Type spec. no. 100 in herb., Purdue University. 


Infection of the host by C. verrucosus and the development of its spo- 


rangia, zoospores, resting spores and rhizoids are fundamentally similar to 
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those of other non-apophysate species of Chytriomyces and need not be 
described again in detail. The zoospore enlarges to become an epibiotic 
sporangium or resting spore, and the endobiotic germ tube develops into 
the rhizoidal system. The host may be infected in all stages of development, 
and if it occurs when the host thallus is quite young (fig. 2, 3) it is killed 
very shortly. Regardless of when it occurs the host protoplasm becomes 
moribund, disorganized and is partially absorbed by the parasites’ rhizoids 
(fig. 1). In no instances so far have infected sporangia been seen to develop 
zoospores. 

The sporangia of C. verrucosus vary considerably in size and shape as is 
indicated in the diagnosis above, but they are predominantly obpyriform 
with a slightly tapering base like those of Chytridium surirellae Friedman 
(1953) and C. parasiticum Willoughby (1956). Others may be pyriform 
with a tapering apex (fig. 1A, B), subspherical and urceolate like a cham- 
ber pot (fig. 5). When crowded they may be elongate and subclavate (fig. 
le). Occasionally they may be somewhat anatropus (fig. 6). They are usually 
sessile on the host, but in rare instances they may stand off for a short dis- 
tance on the main rhizoidal axis. However, such sporangia have not been 
found to be as stalked as those of Chytridium rhizophydii and Phlyctidium 
mycetophagum. 

The operculum is quite large, 12—20n diam., and occasionally has as large 
a diameter as the sporangium itself. This is often true of urceolate sporangia 
with apical opercula (fig. 5). The operculum is usually lateral or subapical 
in position and remains attached to the sporangium during and after 
dehiscence. Occasionally, a sporangium may bear two opercula (fig. 1B). 
After dehiscence the opercula become wrinkled as in Chytridium surirellae, 
and do not have as sharply-defined borders as in other species of Chytrio- 
myces which I have studied (1945, 1947, 1949). Sometimes the sporangia 


Fig. 1-18. Chytriomyces verrucosus; fig. 19A-19K. Pythium proliferum and 
Woronina pythii; fig. 21-29 Phlyctochytrium synchytrii. Fie. 1. Large sporangium of 
Karlingia rosea parasitized by 18 thalli of Chytriomyces verrucosus. x 340. Fies. 2, 3. 
Early infection stages of young thalli of K. rosea. x 340. Figs. 4, 5. Sporangia showing 
variations in the endobiotie rhizoidal system. x 340. Figs. 6, 7. Early and late stages of 
zoospore discharge. x 340. Fig. 8. Zoospores. x 340. Fie. 9. Elongate and amoeboid zoo- 
spores. x 450. Figs. 10, 11. Early stages in resting spore maturation. x 600. Fie@s. 11-15. 
Resting spores showing variations in size and shape and the structure of the wall. x 600. 
Fics. 16-18. Germination stages and discharge of zoospores. x 600. Fie. 19. Large 
sporangium of K. rosea parasitized by Chytriomyces verrucosa and Pythium proliferum 
which itself is parasitized by Woronina pythii; A, B, C, plasmodia; D, E, F, sporangiosori 
and biflagellate heterocont zoospores; G, H, I, J, K, eystosori. x 340. Fie. 20. Germina- 
tion of cystosori. x 800. Figs. 21-23. Sporangia of P. synchytrii with endobiotie apophy- 
sis and numerous exit papillae and plugs. x 220. Fig. 24. Enlarge view of exit plug. 
x 380. Fig. 25. Late stage of zoospore discharge from a citriform sporangium. x 220. 
Fig. 26. Zoospores in actively motile stage. x 220. Fie. 27. Fixed and stained zoospores 
with whip-lash flagellum. x 220. Fig. 28. Amoeboid zoospores. x 220. Fig. 29. Germina- 
tion of zoospores in water. x 300. 
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may collapse partially and become wrinkled after dehiscence, but this does 
not occur as commonly as reported by Willoughby for Chytridium parasi- 
ticum. 

Dehiscence of the sporangia occurs suddenly and the zoospores ooze out 
quickly in a mass (fig. 6) which is enveloped by a thin slimy layer. This 
diffuses rapidly in the water, and the zoospores soon disentangle and swim 
away. So far they have not been seen to swarm in a retaining vesicle as in 
Chytriomyces hyalinus, C. aureus, C. parasiticus, C. appendiculatus and 
other species which I have studied. 

The endobiotic rhizoidal system is usually obscured by the dense host 
protoplasm, but in old and almost empty host sporangia it is visible as a 
small, branched, bushy tuft oriented on the base of its sporangium (fig, 
1,5). In other thalli it consists of a main stalk with branches at its tip (fig. 
+). The stalk may be up to 18s long, and the branches at its tip may extend 
to a distance of 22,4 in the host protoplasm. Only rarely have | found thalli 
with a single unbranched rhizoidal filament. 

The resting spores are formed in the same manner as the sporangia up to 
certain stage, and then develop a thick tuberculate or verrucose wall (fig. 
10-15). At the same time their protoplasm becomes more densely granular 
with several small refractive globules. No evidence of fusion of small thalli 
or the contents of such through a conjugation tube has been observed in 
their formation, and the evidence at hand indicates that they develop asexu- 
ally. After a lapse of several weeks they germinate, and in this process they 
function as prosporangia. The content migrates or grows out through a pore 
in the wall and develops into an external, attached, operculate zoosporan- 
vium (fig. 16—18). 

In all other Chytriomyces species which | have studied the primary nu- 
cleus of the sporangium is quite large and easily recognizeable in the living 
material. In C. verrucosus, however, it is not visible or conspicuous as such, 
and this is one of the most noticeable cytological differences | have en- 
countered. 

Chytriomyces verrucosa apparently is a parasite because it was never 
found growing saprophytically on cellophane, grass leaves, and other cellu- 
losic debris. Whether or not it will attack other chytrids is unknown, since 
no host range studies were conducted. 

The above culture of K. rosea parasitized by C. verrucosus was quite re- 
markable for the number of other parasites which it harboured. Numerous 
sporangia of K. rosea were infected with the chytrid Rozella rhizophlyctii 


and Olpidiopsis karlingiae, the latter an olpidioid species with biflagellate 


zoospores. In addition large sporangia with several C. verrucosus thalli on 
it (fig. 19) were parasitized quite often by Pythium proliferum which in 
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turn was densely parasitized by Woronina pythii Goldie-Smith, a member 
of the Plasmodiophoraceae. Plasmodia (fig. 19A—C), sporangiospori, spor- 
angia and zoospores (fig. 19D-F') and cystosori (fig. 19G—K, fig. 20) were 


abundant in the terminal hyphae and incipient sporangia of P. proliferum 
and inhibited or reduced the growth of this fungus. In my experience W. 
pythii is one of the most common parasites of P. proliferum, and Miss 


Goldie-Smith (1958) has reported it in several species of Pythium from 
soils of Florida, Louisiana and Texas. In going through my laboratory 
notes and sketches of previous years I found that I had observed its cystosori 
in soil cultures from Sao Carlos, Brazil in 1943, and later in Connecticut in 
1945, Louisiana in 1947, and during the past year I found it frequently in 
P. proliferum in soils from Jamaica and Indiana. Although very abundant 
in the culture described above it was never found as a parasite of K. rosea 
and (. verrucosus, which supports Goldie-Smith’s observations that it may 
be limited to species of Pythium. 

The third chytrid parasite to be reported in this paper is Phlyctochytrium 
synchytrii Kohler which occurred on resting spores of Synchytrium pilifi- 
cum Thomas. This species was discovered and named by Kohler (1924) as a 
parasite of the resting spores of S. endobioticum in Germany and subse- 
quently found by Gaertner (1954a), Harder and Uebelmesser (1955) and 
Scholz (1958) on the same host in several parts of Africa, Sweden and Ger- 
many. Obviously, it is widely distributed in Europe and Africa, and the 
present report shows that it occurs in America also. 

The resting spores of the host, S. pilificum, were collected on Potentilla 
simplex at Pennington, N.J. in 1958. These plants were growing close to 
the ground with large soil particles on the underside of the leaves. Possibly, 
resting spores of the parasite were present in these soil particles and infected 
the host subsequently when they germinated. The leaves of P. simplex infected 
with the resting spores of S. pilificum were brought to Purdue University, 
covered with charcoal-treated water in petri dishes and set aside in the 
laboratory for germination studies. After several months some of the resting 
spores became infected with a monocentrie eucarpic chytrid which I inter- 
pret to be Phlyctochytrium synchytrii Kohler. However, it varies somewhat 
from the fungus Kohler described, and the primary purpose of this report 
is to note these differences. 

Kohler reported that the sporangia on Synchytrium endobioticum were 
up to 50u or more in diameter with 1 to 9 exit papillae, where as those on 
S. pilificum may be up to 175 in diameter with as many as 22 exit papillae. 
Also, the latter vary from spherical 42-150, (fig. 23), ovoid, 44-130 x 60- 
l44u (fig. 22), obpyriform, 60-126 x 165, (fig. 21) to citriform, 80-102 x 
126-143,» (fig. 25) in shape, sessile, or stalked, with a hyaline wall 2-3.2, 



































































































































332 BULLETIN OF THE TORREY BOTANICAL CLUB [VoL. 87 







thick, while those reported by Kohler were spherical, sessile and firmly 
attached to the host cell. In my material, on the other hand, they separated 
so readily that it was difficult to make a mount with the sporangia clearly 
attached to the host. 

Also, significant differences in the size and appearance of the zoospores 
and the length of the flagellum were present in my material. In mounts of 
freshly discharged zoospores which were fixed immediately by osmic acid 
fumes and stained with gentian violet they were 3 to 3.4 in diameter with 
a whip-lash flagellum 12 to 14y long (fig. 27). Kohler reported them to be 
4 or more in diameter with a 20 to 25y long flagellum. He described them 
as containing one or more oil droplets, but he did not show these in his 
figures of the zoospores. In my material most of the zoospores had a single 
globule which was so large, 2.3 to 2.6y, (fig. 26) relative to the size of the 
spore and so refringent that the remainder of the content was largely ob- 
scured. As a result the actively swimming zoospores looked like nothing but 
motile refractive globules under low magnifications. Other zoospores had a 
second smaller refringent globule at the anterior end (fig. 25). They retained 
this shape for a while and gradually became spherical (fig. 26). Their swim- 
ming period was relatively short, 15 to 25 minutes, after which they came 
to rest and became amoeboid (fig. 28). In this stage pseudopod development 
and activity were quite conspicuous, and in this process the refractive glo- 
bule frequently changed its shape. Following this period the zoospores be- 
came subspherical to spherical in shape and degenerated or germinated (fig. 
29) with fairly thick germ tubes. 

My observations on the maturation of the sporangia and discharge of 
the zoospores agree essentially with those of Kohler. The exit papillae begin 
to develop before the sporangia are mature, and at one stage they are recog- 
nizable as long, up to 8», hyaline, tapering and slightly curved finger-like 
projections (fig. 22, 23). In this respect they resemble those of Phlycto- 
chytrium kniepii Gaertner (1954b). At this stage (fig. 22, 23) they appear 
to project through the wall as mucilaginous pegs (fig. 24) with inflated 
bases. The zoospores may be discharged simultaneously from several exit 
papillae. The first ones to emerge remain stationary for a few seconds and 
then swim away. Others follow singly in rapid succession, and as the pres- 
sure is reduced the zoospores in the sporangium begin to swarm violently. 
Complete discharge from a large sporangium may require up to 45 minutes. 
It is estimated that the largest spherical sporangia found contained more 
than a hundred thousand zoospores. 

As to the endobiotie portion of the thallus my observations agree gen- 
erally with those of Kohler. In the thalli of my fungus it consisted solely 
of a subspherical, ovoid or slightly irregular apophysis or swelling (fig. 
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21-23, 25), but unlike that reported by Kohler it had a fairly thick wall. In 
no instance were rhizoids attached to it, as occurs in most species of Phlycto- 
chytrium. Although no early developmental stages were observed, this swell- 


ing appears to develop between the endospore and exospore of the Synchy- 


trium spore. This is suggested also by Kohler’s fig. 1 to 3. 

No resting spores occurred in my material, and for this reason I am not 
absolutely certain that this fungus is P. synchytrii. However, I am inter- 
preting it as such. Although some marked differences have been found in 
my material I believe they fall within the range of variations which a 
chytrid might exhibit on a different host and under different environmental 
conditions. 

Discussion. Chytriomyces verrucosus is very similar to Chytridium 
parasiticum Willoughby which parasitizes Rhizidium richmondense in Eng- 
lang, and I am inclined to believe that they will prove to be identical. How- 
ever, their relationship will not be known until resting spores have been 
found in C. parasiticum. Willoughby placed his fungus in Chytridium 
although its thalli are non-apophysate and no resting spores were present. 
In the event its resting spores are formed epibiotically this species should 
be transferred to the genus Chytriomyces, and should it prove to be iden- 
tical to C. verrucosus the specific name parasiticum will have to be aban- 
doned because it is preempted by my Chytriomyces parasiticus (1947) 
which parasitizes Aphanomyces laevis. 

The genus Chytriomyces, in the sense that I created it in 1945, is the 
operculate counterpart of Rhizophydium and Phlyctochytrium with non- 
and apophysate thalli and differs from Chytridium by the development of 
epibiotic instead of endobiotie resting spores. Swarming of the zoospores in 
a hyaline vesicle outside of the sporangia was given as a generic character- 
istic of Chytriomyces, but this characteristic was abandoned as such when 
it was found that the zoospores of Obelidium, Siphonaria, Rhopalophlyctis 
and other genera behave in the same manner. Accordingly, with the discov- 
ery of Chytriomyces lucidus (1949), | enlarged the genus to include species 
whose zoospores do not swarm in a vesicle. The concept of the genus was 
extended further with the discovery of Chytriomyces fructicosus (1949) 
in which 18 per cent of 100 thalli were found to develop from an enlarge- 
ment of the germ tube instead of directly from the zoospore. More recently 
Koch (1959) reported that the resting spore thalli of C. hyalinus are 
‘‘formed sexually at the tips of rhizoids from two contributing thalli’’ when 
this species is cultivated on agar. When grown on chitin, however, he found 
that they form asexually and epibiotically in the same manner as the z0o- 
sporangia. Obviously, if his preliminary report is confirmed Chytriomyces 
must be emended further to include species with sexual reproduction. 
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It is not clear from Koch’s abstract what he means by ‘‘resting spore 
thalli form sexually at the tips of rhizoids from two contributing thalli.”’ 
This statement might be interpreted to mean: (1) that the fusion leads to 
the development of thalli which then give rise to resting spores, or (2) that 
the resting spores arise directly as a result of fusion and at the point of 
fusion of the rhizoids. In the event the latter occurs, sexual reproduction 
in Chytriomyces species is somewhat similar to that described by Sparrow 
(1937, fig. 22) for Rhizoclosmatium globosum. Here, however, the content 
of one thallus apparently migrates through the fused rhizoids to that of 
another small thallus which then develops directly into the resting spore 
as | (1945a) have shown in Siphonaria petersenti and 8S. sparrowii also. 
Probably, this is what Koch will find in Chytriomyces with further study. 
In that event Chytriomyces will be similar to Rhizoclosmatium and Siphon- 
aria in its developmental cycle. Chytriomyces aureus and C. hyalinus are 
so similar to Petersen’s (1910) and Sparrow’s figures of Rhizoclosmatium 
that | have often wondered if they and others overlooked the presence of 
an operculum in this genus as I (1938) did at first in Nephrochytrium. In 
the event Rhizoclosmatium proves to be operculate Chytriomyces becomes 
a synonym of it. 

With the addition of C. verrucosus, Chytriomyces includes 12 species at 
present, two of which, C. parasiticus and C. verrucosus, are parasitic on 
fungi, while the remainder are saprophytes on insect exuviae and vegetable 
substrata or debris. Chytridium, which resembles Chytriomyces except for 
its endobiotie resting spores, on the other hand, includes approximately 50 
species, 15 or more of which are questionable. Resting spores are known in 
only 12 species, and in one of these C. chaetophilum Scherffel (1925), they 
are reported to be epibiotic. Only 11 species are apophysate with fairly ex- 
tensive rhizoidal systems. The remainder are non-apophysate with simple 
unbranched, or sparsely branched, delicate rhizoids. In the fully known 


species which have been studied carefully the endobiotic resting spores are 


formed asexually or sexually in relation to the apophysis, and on this basis 
it is questionable that the non-apophysate species with delicate sparsely 
branched rhizoids will develop endobiotie resting spores. Quite probably 
many of them like my Chytridium rhizophydvi as well as C. surirellae, C. 
parasiticum and others will be found to develop epibiotic resting spores. In 
that event they should be transferred to Chytriomyces, according to the 
concept of the genus noted above, unless, of course, the resting spores are 
formed by the fusion of the contents of two thalli through an extramatrical 
conjugation tube as in Zygorhizidium. 

Whether or not Phlyctochytrium synchytru belongs in the genus Phlye- 
tochytrium may be open to question inasmuch as rhizoids have not been 
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found in this species. By present-day interpretation this genus is character- 


spore eo : e's ‘ 
alli.”? ized by an epibiotic inoperculate sporangium, an endobiotic apophysis or 
c . 


ds to sub-sporangial swelling from which arise fairly extensive rhizoids, and an 


that 2 “ting . 
nt af Phlyctochytrium synchytru conforms with this interpretation except for 


the presence of rhizoids. So far as it is known the globular to irregular 


epibiotic resting spore which functions as a prosporangium in germination. 


etion 
.rrow apophysis seems to function as a haustorium, according to Kohler, and 
ntent age ; ; : 
at of In other respects P. synchytri is like other species of Phlyctochytrium, 


probably serves as a replacement for the rhizoids in the absorption of food. 


spore and at present it is not worthwhile, in my opinion, to create a separate 


also group for it and other species in which rhizoids have not been found, par- 
al. . 


tudy ticularly in view of the fact that so many species of Phlyctochytrium are 


phon- imperfectly known. 
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m. In Rozella rhizophydii, Olpidiopsis karlingiae and Pythium proliferum were 
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aa A DEMONSTRATION, BY ELECTRON MICROSCOPY, OF 

PLASMODESMATA IN THE EMBRYONIC LEAF 
-_ CELL WALLS OF CIBOTIUM CHAMISSOI 
a C. N. SuN 
1. 22: 
Plasmodesmata are living threads of protoplasm connecting adjacent 
. 25: protoplasts through non-living substances separating the protoplasts. Lit- 
erature of the subject has been reviewed recently (Meeuse, 1957). Tangl in 
ail 1879 first described plasmodesmata which pass through the cell walls of the 
wa endosperm tissue of Strychnos, Phoenix and Areca. Shortly after Tangl’s 
report, attempts were made by many workers to show the general presence 
n two of plasmodesmata in the plant kingdom. 
Jungers (1930) called into question the protoplasmic nature of plasmo- 
as desmata, and concluded that they are merely specialized cell wall substances. 
Since the material he studied consisted chiefly of thick-walled, dormant 
r. Bot. endosperm tissues, it would not necessarily give a true picture of what 
might be expected in normal, active vegetative tissues. Later workers pre- 
38: sented new evidence for the protoplasmic nature of the plasmodesmata: 
4-346. their staining reaction is analogous to that of the cytoplasm, and they give 
a a positive test for oxidase. The evidence reported by numerous investigators 
indicates that actual protoplasmic connections between cells are generally 
v Bot 


present throughout all living tissues of higher plants (Strasburger, 1901) 
and a few lower plants, such as mosses (Kohl, 1897, Kienitz-Gerloff, 1902) 
hepaticae (Miihldorf, 1937). Plasmodesmata have also been observed in a 


namae. 














- oon few algae such as Volvox, Chaetopeltis, (Kohl, 1891; Meyer, 1896) and 
2, Codium (Kiister, 1933). However, with light microscopy they can be demon- 
ri. Soe. strated only by special techniques. Thongh many methods have been em- 
‘ ployed, only a few have found general application. The numerous contro- 
(anl versial points and the divergence of opinion relative to the occurrence and 
the nature of plasmodesmata in plant tissue largely result from the lack of 
logical a satisfactory technique. The methods usually employed for their demon- 
stration tend to swell and distort the walls and also bring about profound 
— alterations in the plasmodesmata themselves. Therefore, Miihldorf (1937) 
considers much of the earlier work unreliable. 
Proe. Recent electron microscope investigations on the root meristems of 
Allium cepa (Strugger, 1957; Buvat, 1957) and Triticum vulgare (Buvat, 
1957) and on the shoot apex of Chrysanthemum segetum (Buvat, 1957) in- 
sp. nov. 


dicate that the plasmodesmata are very fine threads far beyond the range of 
resolution of the light microscope. It has hitherto not been possible to dem- 
onstrate plasmodesmata in the mesophyll tissue of the leaf with the old 
337 
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techniques (Livingston 1935). The present study contributes further eyi- 


dence for the presence of plasmodesmata in meristem cells as well as in the 
full grown cells of leaves. 

Materials and Methods. Freshly collected embryonic and mature leaves 
of Crbotium chamissoi were cut into pieces about 1 mm. square, and fixed at 
5° C for four hours, in Dalton’s osmium tetroxide-bichromate mixture at 
pH 7.6. Afterwards, the tissues were washed briefly with distilled water, 
and then dehydrated successively in 30% ethyl aleohol for 1-2 hours; 50% 
ethyl alcohol for 1—2 hours; 70% ethyl alcohol for 1-2 hours or overnight: 
80% ethyl alcohol for 1-2 hours; 90° ethyl alcohol for 1-2 hours; 95% 
ethyl alcohol for 1-2 hours; and next with absolute ethyl alcohol for 3 hours 
(3 hourly changes). Then the specimens were transferred into a mixture of 
absolute ethyl alcohol and methacrylate mixture (6:1 N-butyl and methyl 
methacrylate). The schedule was: absolute ethyl aleohol/methaerylate mix- 
ture, 3:1, for one hour; absolute ethyl aleohol/methacrylate mixture, 1:1, 
for 2 hours; methacrylate mixture for 2 hours (2 changes) or overnight; 
methacrylate mixture containing 1% benzoyl peroxide for one hour. Next, 
the specimens were embedded in a prepolymerized methacrylate mixture 
and kept at 60° C; complete polymerization was obtained after 18 hours. 

Sections were cut with the Porter Blum microtome and were examined 
with an RCA EMU-2 electron microscope. 

Observations. In the ultra-thin sections of the embryonic leaf of Cibo- 
tium chamissoi, it can be seen that the wall of mesophyll cells consists of a 
dark line in the electron micrograph which corresponds to the middle 
lamella (made of pectin substances) and optically empty regions along each 
side of the middle lamella which correspond to the primary wall (made of 
cellulose). In the transverse sections of the cell wall, the protoplasmic 
threads—plasmodesmata—passing through the non-living cell wall and con- 
necting neighboring protoplasts can be seen (fig. 1). The diameter of plas- 
modesmata of the embryonic leaf cell walls are about 260-400 A. Whereas 
the diameters of plasmodesmata of the full-grown cell walls are approxi- 
mately 0.1-0.15 ». In some part of the sections, the plasmodesmata can be 
observed only as black dots scattered on the cell walls (fig. 1), because the 
protoplasmic threads were cut transversely. The average number of plas- 
modesmata found in the present study is 150 per 100 yp? in the cell wall of 
the meristematic cell; as compared with 20 per 100 »? in the cell wall of the 
cell with large vacuoles. 

Discussion. Some of the earlier counts of plasmodesmata were those of 
Kuhla (1900), who obtained a value of 10-38 per 100 square » in the cam- 
bium cell walls of Visewm album. Counts are also available for various cells 
of the tobacco plant (Livingston, 1935). Recently Strugger (1957) counted 
the number of plasmodesmata of the meristem cells of Allium cepa. The 
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present study furnishes evidence of plasmodesmata in the meristem cell 
walls of embryonic leaves of tree fern and the average number of plasmo- 
desmata decreases as development progresses. The reason may be that the 
mature cells increase their volume as well as their wall surface considerably 


during the growth processes. Measurements of the diameter of plasmo- 
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Fig 1. Section of the mesophyll cells from the embryonic leaf of Cibotium chamissoi 
showing the plasmodesmata passing through the cell wall and connecting the neighbor- 
ing cells. In part of the section, the plasmodesmata were cut transversely and are seen 
as black dots scattered on and between the cell walls. M, mitochondrion; P, plasmo- 
desma; PP, proplastid; V, vacuole; W, cell wall. x 20,000. 


desmata in the root meristem cell walls by Strugger (1957) yielded a value 
of 160-400 A, that is, a value of the same order of magnitude as that ob- 
tained in the present measurements on Cibotium embryonic leaf plasmo- 
desmata. Since the limit of resolution of the light microscope is about 0.2 » 
or 2000 A, the earlier work on the plasmodesmata in meristematic tissue is 
of doubtful reliability. 
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Although the actual function of plasmodesmata has not yet been estab- 
lished, it has long been thought that perhaps plasmodesmata serve as chan- 
nels for the translocation of organized nutrition and enzymes from cell to 
cell and for the conduction of stimuli. These structures, serving as con- 
tinuous inter-connecting links between protoplasts, may play an important 
role in the maintenance of the plant as a definitely integrated entity in- 
stead of a community of separate cells. 


SUMMARY 


1. The existence of plasmodesmata between the embryonic leaf cells of 


Cibotium chamissoi has been demonstrated with the electron microscope. 


2. The plasmodesmata in the cell walls of the embryonic leaves have a 


diameter of 260—400 A. The diameter of the plasmodesma in the cell wall of 
the mature leaf is approximately 0.15 up. 

3. The average number of plasmodesmata of the cell wall of the meri- 
stematic cell in the embryonic leaf is 150 per 100 »? as compared with 20 
per 100 ,»? in the cell wall of the cell with large vacuoles. 

ELECTRON Microscope LABORATORY, DEPARTMENT OF ANATOMY 

WASHINGTON UNIVERSITY 
Str. Louts, Missour! 
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CULICIDOSPORA, A NEW GENUS OF AQUATIC, 
ALEURIOSPOROUS HYPHOMYCETES'! 


RoNaup H. PETERSEN 


While several members of the Moniliales had been described from an 
aquatic habitat by 1900, it was not until 1942 that Ingold in England, hap- 
pened upon a whole new spora in the scum of a fresh-water stream. Since 
this definitive work (Ingold, 1942), the literature has grown considerably, 
with surveys of England (Ingold, 1942, 1943), Switzerland (Ingold, 1952), 
Sweden (Nilsson, 1958), Africa (Ingold, 1958), Japan (Tubaki, 1957), and 
California (Ranzoni, 1953) having been made. To this date, some 50 species, 
representing 25 genera, have been found. 

During a survey of the aquatic Hyphomycetes of the New York City 
environs, a collection from Orange County, N. Y., yielded an abundant 
flora, one member of which was found to be undescribed. 

Since the organism differs rather widely from all other genera of aquatic 
and terrestrial Fungi Imperfecti, a new generic name is proposed. The 
name is based on a fancied similarity of spore shape and the form of an 
adult mosquito. 

Culicidospora gen. noy. (Culicidae, a family of mosquitoes; spora, 


spore 


Fungus aquaticus, immersus, mycelio septato ramoso. Aleuriophora 
simplicia, hyalina. Aleuriosporae hyalinae, septatae, inaequales, quadri- 
radiatae, duobus brachiis e cellula subapicali axis productis. 

Aquatic, submerged fungus with septate, branching mycelium. Aleurio- 
phores simple, hyaline. Aleuriospores hyaline, septate, asymmetrical, quadri- 
radiate, with two lateral arms produced from the subapical cell of the axis. 

Type species: C. aquatica sp. nov. 


Fungus aquaticus, immersus, mycelio septato ramoso. Aleuriophora 
hyalina, simplicia, 15—40 x 2.2-2.7y, sporas singulatim ferentia. Aleurio- 
spora axis inaequalis, hyalinis, quinque cellularis, extentionibus terminali- 
bus basilaribusque, duobus brachiis a cellula subapicali productis. Aleurio- 
sporae 100-200 x 7-12», brachia lateralia 40-97 x 2.2-2.6y, productionibus 
apicalibus 25-89 x 2.2-2.6n. 

Submerged aquatic fungus with septate, branching mycelium. Aleurio- 
phores hyaline, simple, 15—40 x 2.2—2.7y, bearing a single spore. Axis of the 
aleuriospore asymmetrical, hyaline, five-celled, with terminal and basal ex- 
tensions. Two branches are produced by the subapical cell. Aleuriospores 
100-200 x 7-12, lateral arms 40—97 x 2.2-2.6y4, apical extension 25-89 » 


22-2 6p. 


1 This study was aided, in part, by the Gertrude 8. Burlingham Scholarship (sum- 
mer, 1959) at the New York Botanical Garden. 
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Habitat and type location: on submerged decaying twig of Prunus sp., 
in stream, three miles north of Greenwood Lake, Orange County, N. Y. 

The new organism superficially resembles three aquatic imperfect genera, 
Clavariopsis DeWild., Tetrachaetum Ing., and Tricladium Ing. All three 
genera possess aleuriospores. 

Tricladium Ing. resembles Culicidospora in producing its lateral spore 
appendages from a preformed axis. However, the spore of Tricladium has 
its two lateral branches produced in succession, some distance from each 
other on the axis. 

Tetrachaetum Ing. bears quadriradiate aleuriospores. Here the slender 
axis forms a swelling to one side, a few micra below the spore apex, forcing 
the axis to become asymmetrical. However, the lateral arms from the swell- 
ing developing simultaneously with the axis tip produce a superficially 
symmetrical mature spore. The apical extension develops as an undiffer- 
entiated portion of the main axis, and the lateral arms are identical in 
appearance to the apical part of the main axis. In C. aquatica, the axial 
spore primordium is distinctive, and all arms except the basal extension 
are produced by budding and are therefore separated from the axis by 
narrow isthmuses. Hence, while the ontogeny of the two kinds of spores is 
coincidentally similar, there are specific differences in morphology and in 
the production of spore appendages. 

In Clavariopsis aquatica DeWild. (the type species of the genus), the 
spore primordium is slightly swollen at the apex, as in the new organism. 
However, the three divergent appendages of Clavariopsis develop from a 
single apical cell. In Culicidospora, the apical cell produces only the axial 
extension, while the lateral arms are produced by the subapical cell, one of 
the products of a division of the primordial apical cell. 

Culicidospora aquatica is highly modified in adaptation to the aquatic 
habitat, as are most of the aquatic Hyphomycetes. The unique shape of the 
spore enables the latter to remain in,suspension for a prolonged period 
and to become easily entangled in submerged debris. The trunk of the spore 
is held aloft by the arms in such a way that the spore becomes caught in 
the current. 

Culicidospora spores may be termed solitary aleuriospores sensu Tubaki. 


In his expansion of Hughes’s system of classification, Tubaki (1958) places 


this type of spore in group IIIb. 

Spore production is begun with an apparently undifferentiated hypha 
(fig. 1). While the hyphal tip swells slightly, a septum is laid down some 
40-50u from the tip. Soon, the hyphal tip divides, then each cell divides 
again to form an axis of four more or less equal cells. The apical cell elon- 
gates asymmetrically (fig. 2), curving to about 70°, and divides, forming 
a curved subapical cell and a hemispherical apical cell (fig. 3). The four 
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terminal cells (the primordium now consists of five) elongate and swell 
slightly, becoming somewhat constricted at the septa. 


The apical extension is the first to begin differentiation. It is initiated 


Figs. 1-9. All drawings done with the aid of a camera lucida. Fes. 1-4. Aleurio- 
spore development showing elongation and septation of spore axis. Fics. 5-6. Placement 
of lateral arms on the convex surface of the subapical cell. Figs. 7-8. Mature spores 
(shading to show shape, not to indicate pigmentation). Fic. 9. Main axis of atypical 
mature spore, showing misplaced lateral arm from antepenultimate cell. 


as a protuberance on the apical cell (fig. 4). When it is no more than a bud, 


two lateral branches arise side by side on the convex surface of the subapical 


cell in the same manner as the apical extension (fig. 5-7). All three branches 
elongate simultaneously, the lateral branches usually becoming longer (40- 
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974) than the apical extension (25—-70u). Rarely, one lateral appendage 
may be displaced (fig. 9), or the laterals may be absent altogether. The 
basal cell of the spore, to this point undifferentiated hypha but separated 
from the aleuriophore by a septum, elongates to 25—65y to become the basal 
extension (fig. 8). 

The spore is shed by the rupture of the ‘common septum between the 
spore and aleuriophore. No special disarticulation cell such as that found 
in Anguillospora longissima Ing. and Tetrachaetum elegans Ing. (Ingold, 
1942) was ever observed. 


¥ 


‘ : 10 


Fig. 10. Photomicrograph of spore. x 500. 


At maturity the large cells of the spore are usually filled with oil drop- 
lets of considerable size. 

While reports on spores of this shape and mode of development have 
not previously been published, Ingold (personal communication) has found 


spores identical in configuration, although somewhat smaller, in Quebec 


Province and the Gaspé peninsula in Canada. 
While the new organism has been collected from a total of four locations 
and on several oceasions, only once was it obtained successfully in culture.” 


2 After the initial writing of this paper, Culicidospora was found in several streams 
in North Carolina, Georgia and Tennessee during a brief survey of the Southern Appala- 
chains. As a result, it has been cultured several times. 
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The spores are extremely fragile and break easily when micromanipulated, 
Spores in drops of water were placed on malt extract (2.0% ), streptomycin 
(0.08% ), agar (2.0% ). Using a fine glass rod, the spores were teased manu- 
ally from the drops, and allowed to germinate in single spore culture. After 
germination and some slight growth, colonies were transferred to oatmeal 
agar. 

Culicidospora aquatica is a slow-growing organism, reaching a diameter 
of 1.5 em. in twenty days. At this time, slices of the agar colony (which re- 
mains without spores) were submerged in sterile distilled water in large 
test tubes and strongly aerated at 15°C. On the sixth day after submersion, 
spore primordia were noted, and on the eleventh day mature spores were 
liberated. This is somewhat slower than most aquatic aleuriosporae which 
usually produce spores within three days after submersion. 

Colony color on oatmeal agar is dark grey-green, with a narrow white 
growing border. In mass, the mycelium appears brown to olive, while the 
aleuriophores and spores are hyaline. 

To the time of this writing, C. aquatica has been collected at four loea- 
tions in Orange and Westchester counties of New York State.’ Collections 
have been made in January and June, at water temperatures ranging from 
9.5-17°C, with pH in all locations between 5 and 6. Hence the new organism, 
while rare, is widespread and probably may be collected throughout the 
vear. 

While no type specimen from nature is available, a living culture has 
been deposited with American Type Culture Collection, and a dried culture 
and slides of spore production at the cryptogamic herbarium, New York 
Botanical Garden. 

The author wishes to thank Dr. L. S. Olive of Columbia University 
and Dr. C. T. Rogerson of the New York Botanical Garden for their helpful 
advice during this study, and Dr. H. W. Rickett of the New York Botanical 
Garden for preparing the Latin diagnoses. 


SUMMARY 
1. A new genus and species of aquatic Hyphomycetes, Culicidospora 
aquatica, are proposed. 
2. The organism is compared with similar organisms, especially Trv- 
cladium Ing., Tetrachaetum Ing. and Clavariopsis DeWild. Spore produe- 
tion in each is reviewed. 


3. The aleuriospore of Culicidospora aquatica is deseribed as a quadri- 


>Subject to the former footnote. 
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TORREYA 
Studies on the Ecological Life History of Saxifraga virginiensis 
MIcHAEL H. LEVIN 


Sarifraga virginiensis Michx., the Early Saxifrage, is a spring flowering plant which 
has a wide distribution in the eastern United States and adjacent Canada. According to 
Fernald (1950) the plant is found on dry or wet rocks, and gravelly open or shaded slopes, 
from Saguenay County, Quebee to Minnesota and south to Georgia. 

The objective of the present study is to explain the life eyele of S. virginiensis. The 
approach followed in general is that suggested by the work of Stevens and Rock (1952). 
This study which began in February 1959 was terminated in May 1960 and, unless stated 
otherwise, the field work was carried out in the William L. Huteheson Memorial Forest, 
a mature oak forest (Buell, 1957) located one mile east of East Millstone, New Jersey, 
on the Piedmont Plateau, The study area is located 30 feet from the north forest edge 
approximately 50 feet west of Spooky Brook, and was occupied by a population of 
approximately 100 mature plants. 

Weekly observations were made between February 1959 and May 1960. When obser- 
vations began the leaves on each plant revealed a deep red pigmentation. The majority 
of the leaves exhibited injury at the margins where the red pigmentation was most in- 
tense. By April 15 the pigmentation had almost entirely left the leaves. The flower buds 
began to show signs of enlarging in their position at the center of the rosette on April 8. 
Scapes began to elongate on April 8, and by April 15 white petals were showing through 
the sepals of buds in clusters en elongated seapes. Most of the plants were in flower on 
April 22. The height of flowering was attained between April 29 and May 6. By May 6 
the infloresceuce was a loosely spreading panicle of cymes. After this date the carpels 
began to enlarge, and the stigmas diverged. Seeds began to fall from the split follicles 
approximately May 20, and by May 27 most of the follicles were open. On June 10 seeds 
had completely shed and nearly all scapes collapsed. After this the plants became a less 
conspicuous part of the ground cover. 

During periods of dry hot summer weather, usually after a period when little rain 
had fallen, nearly all leaves curled from the tips and margins, drying to approximately 
the thickness of a petiole, and rolling toward the center of the leaf and toward the center 
of the rosette. As a result of rainfall most of the leaves unrolled to approximately their 
former size and turgidity. Some leaves, however, never unrolled and these eventually 
dropped off. Flower buds were first visible in the center of the rosettes of most plants on 
November 11. These flower buds enlarged very slowly during the winter. 

Leaf litter from the canopy of white oak (Quercus alba), black oak (Q. velutina 
and red oak (Q. rubra), understory of flowering dogwood (Cornus florida), and shrub 


layer of maple-leaved viburnum (Viburnum acerifolium) was deepest over the study plot 
on November 11, but by February 10 most of the litter had been blown from the wind- 
swept study area. 

The root system of a specimen of S. virginiensis arose from two knobby vertical 
rhizomes located at or slightly below the soil surface, and from a horizontal rhizome 
located 0.25 inch below the soil surface which conneeted the two above ground shoots. 
Several thick brown roots extending to a maximum depth of 4 inches bore numerous fine 
white reots. Although the fine white roots branched considerably, the thick brown ones 
appeared not to branch to any great extent. 

The perennating buds are located below the caudex on the vertical part of the 
rhizome but still very close to the soil surface. The plant may therefore be classed as 
a hemicryptophyte. 
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Germination. Seeds were collected from mature open follicles on May 27. The seeds 
were stored dry in a refrigerator at 41° F until germination tests were initiated. 

In order to determine whether the seeds would germinate in darkness at low tem- 
perature, 100 seeds were counted into each of 12 petri dishes on August 25, Six dishes 
contained only moist germination blotter paper and the remaining six contained a peat 
moss substrate below the blotter paper. The 12 dishes were placed in a dark refrigerator 
at 41°F. Percentage of germination was determined on February 22 by counting seedlings 
with extruded radicles and cotyledons which had emerged from the seed coats. 

Dr. Lela V. Barton of Boyee Thompson Institute for Plant Research, Yonkers, New 
York, has informed the author that a mixed lot of Saxifraga spp. seeds germinated 62% 


, 


in red light at 77°F. Two weeks were required for emergence of radicles. Tests were 
initiated on November 16 to determine whether S. virginiensis would show a similar 
response. 

Four petri dishes were filled with fine sand with a piece of finely woven cloth placed 
on top of the sand. Fifty seeds were counted into each dish. Two dishes of seeds were 
then placed (1) at room temperature in full sunlight, and (2) wrapped in paper and 
in a dark chamber also at room temperature. Percentage of germination (appearance of 
true leaves in this and the following experiment) was recorded after two months. 

Since the seeds did not germinate in the dark at room temperature, tests were begun 
to determine whether seeds placed below the soil surface would germinate. A quantity of 
seeds was placed 0.5 inch below the surface of finely sieved soil in a small pot. Seeds were 
scattered on the soil surface of another small pot. Both clay pots received seasonal sun- 
light at room temperature, and moisture by means of a wick inserted through the bottom 
holes of the pots and extending into a shallow dish of water. 

Of the 600 seeds receiving moist low temperature stratification on blotter paper 
substrate, the germination mean for the six dishes was 63%. Maximum and minimum 
germination percentages were, respectively, 68% and 54%. None of the seeds stratified 
on peat moss (pH 3.5) germinated even though the seed coats had ruptured. 

Seeds placed in full sunlight at room temperature on November 16 germinated 65% 
in two months. Seedlings began to appear after two weeks. Not a single seed in the dishes 
placed in the dark chamber at room temperature germinated. After one month in darkness 
a dish of seeds was placed in full sunlight where they began to germinate after two weeks. 

Seeds buried 0.5 inch below the soil surface failed to germinate when the pots were 
placed in full sunlight. Seeds placed on the surface of the soil germinated. The surface 
of the soil in the pot in which the seeds had been buried was loosened and turned over 
with a spatula on December 14, and seedlings appeared on January 1. The seeds collected 
in 1959 were viable in tests conducted in April 1960. 

Carleton (1937) has suggested stratifying Sarifraga seeds during the winter in a 
refrigerator and planting them in their permanent location in the spring, and Pearce 
(1936) recommends late-autumn sowing of Sazifraga seeds. Both of these treatments 
provide moist low temperature scratifieation, and the germination of seeds in the spring 
indicates the importance of moist low temperature. 

Seedling Establishment. Although seedlings with at least two true leaves were first 
observed on August 5, 1959, in 1960 small seedlings, with only cotyledons, were seen on 
April 4. The difference between these dates is probably to be reconciled to the untrained 
eye of the author in 1959. Since the seedlings are extremely small in April they may go 
unnoticed until a summer rain enables them to grow to an easily seen size and density. 

Fifty-nine seedlings were counted in one six-inch square quadrat on August 5. Fig. 1 
illustrates the density and morphological characteristics of seedlings on August 26. By 
September 5, 57 plants remained in the ploi. Attrition takes place gradually with the root 
systems of the young plants becoming exposed, and by November 11, 34 seedlings were 
found in the quadrat. On December 16, six seedlings were observed in the quadrat, and 
by February 10 only three remained. These did not flower the spring following ger- 
mination. 

The establishment of young plants depends upon a suitable habitat not covered by 
litter (Fig. 1). The plants develop too slowly and are too small to be successful in a 
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habitat that is litter-covered. It is probably for this reason that S. virginiensis occupies 
the wind-swept study area, and not the surrounding litter-covered forest floor. Observa- 
tions made after rainfalls give evidence that droplets of rain pock the soil (Fig. 1) and 
uproot the young plants. During the winter following establishment of the seedlings, 


. 





Fic. 1, Photograph taken August 26, showing density and morphology of seedlings. 
Note the relative absence of litter. One inch is equal to 2.54 gradations of the stake. 


frost heaving of the upper layer of the soil uprooted many of the remaining small plants. 
In this connection, Grullemans (1930) noted that fallen leaves or straw will ultimately 
kill Saxifraga hypnoeides, but a snow cover will not injure the plant. 

Photoperiod. S. virginiensis flowers during a short period (approximately five weeks) 
in the spring of the year. During the period when the plants flowered in 1959, daylengths 
in the natural habitat at latitude 41°N were between 12 and 14 hours. This phase of the 
investigation was initiated to determine whether S. virginiensis would exhibit a photo- 
period response to: (1) a short daylength of 8 hours, (2) a long day of 16 hours, (3) 
seasonal greenhouse conditions. The following approaches to this problem were employed: 
(1) keeping the plants in the greenhouse for the duration of the study, and (2) exposing 
the plants to prevailing weather conditions outside the greenhouse and bringing them in 
on predetermined dates. 


























196 


bai 
Th 
hu 


wa 
sw 


su 
re 


W 
we 
re 


st 
fle 


pI 


di 


pl 


"OL. 87 


cupies 
serva- 
|) and 
llings, 


lings. 


ants. 
ately 


2eks ) 
igths 
f the 
hoto- 
, (3) 
yed: 
sing 
m in 


1960 | TORREYA 351 


Plants were collected on July 25, 1959, from an open, south-facing habitat near the 
banks of the Delaware River, two and one-half miles south of Riegelsville, Pennsylvania. 
Thirty plants were transplanted to plastic pots containing a mixture of t»psoil and 
humus in the proportion 1:1. The 42 remaining plants were planted in metal flats and 
placed outside the greenhouse. The carc that these plants in flats received was daily 
watering. 

The long and short daylight periods were controlled automatically by an electrice time 
switch. Both chambers opened at 8 a.m. and closed at 4 p.m. thus utilizing insolation. 
Extended periods of light (an additional eight hours) in the long day chamber were 
supplied by four 60-watt cool white fluorescent lights. The intensity of artificial light 
reaching the plants was 100 foot candles. 

Temperature was measured in the long and short day chambers by placing standard 
Weather Bureau maximum and minimum thermometers with the plants. The thermometers 
were read each week, and the temperatures compared with greenhouse temperatures 
recorded by a thermograph. 

On September 10 ten plants were placed under the three distinct photoperiods in the 
greenhouse. Two plants in each group received complete nutrient solution (Robbins, 1953). 

All plants receiving short day conditions from September 10 to January 8 failed to 
flower (Fig. 2—1). Of the plants receiving long day conditions continuously only two 
produced weak few-flowered scapes, flowering on Jannary 27. The remaining six plants 
did not flower. Plants receiving prevailing greenhouse conditions produced a few flowers 
at the center of the rosette about January 13, but failed to produce a seape. The two 
plants in each environmental condition receiving complete nutrient solution did not exhibit 
a marked increase in size, but did show an increased vigor over those plants ret receiving 
complete nutrient solution. 


” 


é 
‘ 





Fig. 2. Response of plants to length of day and to three months of seasonal cold 
treatment. Left to right: 
(1) short day—greenhouse September 10—January 8 
(2) short day—introduction from outdoors on December 11 
(3) long day—greenhouse September 10-—January 8 
(4) long day—introduction from outdoors on December 11 
Photograph taken January 8, 1960, 


Two plants from each of the three flats outside the greenhouse were brought into the 
greenhouse and placed under each of the three photoperiods on December 11. 

The two plants introduced on December 11 and placed under short day conditions 
failed to flower (Fig. 2—2). Those introduced from outdoors and receiving long day 
conditions flowered vigorously (Fig. 2—4) and by January 4 were at the height of flow- 
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ering. The two plants introduced to prevailing greenhouse conditions flowered weakly 
from January 8 to the termination of the experiment on February 16. One of the latter 
plants had produced a short scape by February 16. 

All of the remaining plants in the flats in which they were growing were brought 
into the greenhouse, after an additional month of cold treatment outdoors, on January 
10. One flat was placed in each environmental condition on that date. ; 

Plants in the flat placed under short day conditions did not flower even though small 
flower buds had formed deep in the center of the rosette. All 12 plants receiving long 
day conditions flowered vigorously, attaining the height of flowering on February 2. 

Plants in the flat placed at prevailing greenhouse conditions began to flower weakly 
about February 14. These did net produce seapes by the 16th of February. 

The minimum greenhouse temperature during the study period was 52°F and the 
maximum 100°F, Minimum temperatures recorded in the chambers were identical with 
that recorded by the thermograph, but the maximum temperature recorded in the short 
day chamber was 8 degrees higher than the maximum greenhouse temperature. 

In the forest, the mature plants probably flower for consecutive years. 

Vegetative Multiplication. Observations of plants growing on steep banks near Wash- 
ington Valley Reservoir in Somerset County, New Jersey revealed that two large clones 
were present. Fourteen plants comprising one clone were collected and brought to the 
greenhouse where the soil around the roots and rhizomes was sluiced away with a jet of 
water. The curvature of the rhizomes at the edge of the clone appeared to indicate that 
most, if not all, of the plants had originated from some plant near the center of the 
clone, but most were not connected by rhizomes. To determine whether rhizomes whieh 
are detached from the parent plant can grow a shoot portion, the rhizomes of 14 plants 
were removed from the shoots and roots and planted 0.25 inch below the soil surface in a 
clay pot. The pot was watered each day. Rhizomes were removed from the soil on May 
16, 12 days after burial and examined for buds, leaves, and turgidity. 

Four rhizomes had at least one bud with tiny green leaves, eight rhizomes had buds 
that appeared to be enlarged, and two rhizomes had no buds visible. Only one of the 
rhizomes showed signs of decaying, and this only in a small portion. 

It would seem probable that these plants can spread vegetatively by sending forth 
a rhizome which grows a short distance beneath the soil surface, produce a rosette of 
leaves at the surface, may in some cases detach from the parent plant through mechanical 
injury such as frost heaving, and that the plants once detached can maintain themselves 
independently of the parent plant. 

Leaf Appearance. The number of new leaves added to the rosette was recorded weekly 
from the last week in June to the second week in February on each of six plants marked 
with numbered stakes. Temperature and precipitation were recorded weekly in the study 
area. The largest mean number of leaves appearing in the rosettes of six plants in any 
one week was 1.2 recorded on August 12 after a period of heavy rainfall. During the 
latter part of August and early September when temperatures were highest and precipi- 
tation lowest, leaf appearance took place slowly. At this time the influence of drought 
was evidenced by curling and drying of the leaves. Leaves appeared four out of five 
weeks during the period from October 7 to November 4. This was the most rapid rate 
of appearance recorded. After the first week in November the rate of appearance decreased 
as the minimum temperature went below 34°F. During the spring flowering period there 
is also a burst of leaf appearance. 

Seed Dispersal. Within the forest, the minutely papillate seeds are dispersed during 
late May and early June. There are probably two agents: (1) wind, and (2) tracking in 
earth on the feet of animals. The seeds are dispersed as the panicle branches vibrate in 
the wind, dislodging the seeds from the urn-shaped open follicles. Dr. D. B. O. Savile of 
the Canada Department of Agriculture, Research Branch, Plant Research Institute, Cen- 
tral Experimental Farm, Ottawa, Canada, has suggested in personal correspondence in 
1959 that this “censer mechanism” is effective only in the open where strong winds occur. 
Wind dispersal of seeds is probably reduced within the forest. Seedlings were observed 
only in small areas around the mature plants; not one was found outside the study area 
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even by a diligent search. Long distances are probably traversed in clods of earth on 
the feet of animals. 

Biotic Influence. Many leaves are lost during the spring before and during the time 
that the plants flower. Several plants had lost flowers and part of the scapes. Loss of 
leaves also takes place during the fali. This appears to be due to small mammals foraging 
on the forest floor. Evidence seems to point to a rodent such as the rabbit or squirrel 
because open flowers at the top of a 10- to 12-inch scape were, on two occasions, eaten 
completely without damage to the scape. 

Savile (personal correspondence, 1959) has suggested that “the genus Sarifraga is 
primarily adapted to arctic-alpine situations, and those species that have spread into 
temperate lowlands retain many of the characters that fit them for aretic-alpine sur- 
vival.” He states that “the small white flowers are specifically adapted to dipterous pol- 
linators, but that it is quite possible that other insects may visit them in temperate 
areas.” Five insects were collected on May 3, 1960 from flowers growing on banks near 
the Washington Valley Reservoir. These belonged to two orders: Hymenoptera and Dip- 
tera. P. W. Oman of the United States Department of Agriculture, Agricultural Research 
Service, Entomology Research Division, Beltsville, Maryland, reported the Hymenoptera 
cf the family Halictidae as: Augochlorella striata (Prov.) and Halictus (Chloralictus) 
spp. The Diptera taken from the flowers were reported as Gonia frontosa Say, of the 
family Tachinidae. Chapman (1933) noted in the outer ovary tissue of S. virginiensis, 
a short distance above the point where the carpels separate, a darkly staining group of 
cells, rich in contents which probably serve as nectaries. The representative of the order 
Diptera which was collected on May 3 was observed probing that area of two flowers for 
periods of several seconds each. 

Habitats. During the first week of May 1960 observations were made of two habi- 
tats in Somerset County, New Jersey, near the Washington Valley Reservoir: (1) Chim- 
ney Rock Road 0.75 mile above the quarry, and (2) East Branch Middle Brook at the 
intersection with Gilbright Road. Plants growing in both habitats extend out as far on 
the rock as there is moss and soil to provide the substrate, but as one progresses back 
from these areas of primary exerarch succession into more established vegetation, S. vir- 
giniensis disappears abruptly. The areas which the plants inhabit were moist that spring 
due to water running along the slope between basalt and the shallow soil. The plants 
which had established ti.cmselves in habitats that were not moist with runoff had with- 
ered flowers, which upon examination were without seeds, and dried scapes. Apparently, 
there is little competition for space, light, water or a combination of these with the 
mosses which comprise the mat, for young seedlings, tho..gh not prolific, were seen in the 
moss mat. The moss probably serves to stabilize the surface not making it as subject to 
frost heaving, and pocking by raindrops. Once other plants establish themselves, S. vir- 
giniensis does not find it as easy to maintain itself, and produce seedlings. The nature 
of this competition would be an area for further experimentation. 

Salisbury (1942) states that “in general, the larger the supply of food material in 
the seed, the more advanced the phase of succession that the species can normally oceupy.” 
[Small seeded plants normally oceupy early stages of succession 





He gives the weight 
of a single seed of Saxifraga oppositifolia as 0.00008916 gms. The weight of 50 seeds of 
8. virginiensis as determined by the author was approximately 0.00005 gms. If small 
seeded plants normally occupy early stages of succession, why is the plant to be found 
in the mature oak forest on the Piedmont of New Jersey? The answer is that the study 
area at the William L. Hutcheson Memorial Forest is one that has probably been dis- 
turbed. With this suspicion in mind, the author and Dr. B. B. Stout, of the Forestry 
Department of Rutgers-The State University, examined the area at the forest. After 
examination of the site Dr. Stout suggested that the area had probably been the location 
of a tree that had blown down. His explanation was based upon examination of the soil 
which showed that many fragments of shale were near the surface of the soil, and that 
this had probably been the result of shale being brought up when the roots of the tree 
were heaved above the surface. The area is slightly concave now, indicating that many 
years have passed since this occurred. The moss growing on the site is Mnium cuspi- 
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datum. Examination of more recent blowdown mounds failed to reveal M. cuspidatum. 
Dr. E. T. Moul of the Botany Department at Rutgers—The State University, in personal 
conversation in 1960 suggested that the mosses Pogonatum spp. or Dicranella spp. grow 
first on these blowdown mounds and that Atrichum spp. and Mnium spp. establish 
themselves later. Studies of succession of mosses and higher plants on blowdown mounds 
would provide information of great value in piecing together the story of secondary 
succession within this mature forest. 

The assistance and encouragement of Professor Murray F. Buell, Mrs. Helen F, 
Buell, and Dr. John A. Small is gratefully acknowledged. 


SUMMARY 


1. A 16 month study of the ecology and periodicity of Sazxifraga virginiensis in a 
single colony, possibly a clone, was supplemented with observations, laboratory and green- 
house studies of plants from other areas. 

2. Seeds germinated both at 41°F in darkness and at room temperature in sunlight. 
Spring germination, in the natural habitat, points to moist low temperature as being of 
prime importance. 

3. Normal flowering occurred only with those plants which received seasonal cold 
treatment to December 11, and long days after introduction to the greenhouse. 

4. Rhizomes are capable of producing new shoot portions and presumably a new 

plant. 
5. The largest mean number of leaves appearing in a single week appeared in early 
August after a period of heavy rainfall. Weekly rate of leaf appearance was most rapid 
between October 7 and November 4. Leaves appeared four out of five weeks during that 
time. 

6. In a habitat investigated in New Jersey, both dipterous and hymenopterous in- 
sects visited the flowers. 

DEPARTMENT OF BOTANY 

RUTGERS—THE STATE UNIVERSITY OF NEW JERSEY 
NEW BRUNSWICK, NEW JERSEY 
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Alexander William Evans 
Mason E. HALE 


On December 6, 1959, Dr. Alexander William Evans died at the age of 91 of pneu- 
monia contracted while he was recovering from a hip injury. This unfortunate illness 
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ended the long and distinguished career of a botanist who was the world’s leading author- 
ity in two different fields of cryptogamic botany. Evans was born May 17, 1868, in 
Buffalo, New York, but his family soon moved to New Haven, Connecticut. He attended 
Yale University and graduated from the Sheffield Scientific School in 1890. Although he 
immediately entered the Yale Medical School and received a M.D. degree in 1892, his 
interest did not lie in medicine. Beginning in 1888 as an undergraduate, he had been 
encouraged by his botany instructor, the pteridologist D. C. Eaton, to collect and study 
eryptogams. His first scientific publication, on the hepatiecae of the Hawaiian Islands, 
appeared in 1891 while he was still in medical school. During \1is internship in 1893 he 
decided to give up medicine completely and devote all of his time to the hepaticae. He 
went to Germany in the tradition of the day to study under Prof. L. Kny at the University 





Alexander William Evans, May 17, 1868—December 6, 1959 


of Berlin. This foreign trip was interrupted in 1895 when Eaton died, and Evans was 
offered the position of botanical instructor at Yale. He accepted at once and returned 
to Yale where he remained for the rest of his life, retiring as Eaton Professor of Botany 
in 1936. During this long period he taught botany courses at Yale and served some time 
as chairman of the botany department, all the while publishing voluminous original re- 
search. He served as editor of the Bulletin of the Torrey Botanical Club for ten years, 
from 1914 to 1924. His editorial standards were very high, and he no doubt had many 
agonizing moments helping contributing authors come up to his standards. 

Evans’ first love was the hepaticae. Over a period of 40 years he published 141 
articles on this group, describing 7 new genera and more than 135 new species. Hardly 
any of these articles can be called “pot-boilers”; everyone is a thorough if not encyclo 
pedic study of various hepaticae. They include every type of taxonomic article, from 
short semi-popular studies on the New England species to long scholarly monographs of 
the South American genera. His work will stand as the basis of the taxonomy of hepaticae 
for years to come.1 Evans made numerous trips to Europe and the West Indies, but these 





1A more detailed account of Evans’ contributions to hepaticology and lichenology, a 
complete bibliography of his papers, and a portrait have been published in the Bryologist, 
vol. 63, pp. 73-88, 1960. 
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were often only vacation trips with his family. Whenever possible, however, he made 
extensive collections of eryptogams. He liked to joke of the times he held up impatient 
steamship captains by overstaying his shore-leave to collect plants. His herbarium of 
hepaticae, numbering more than 30,000 specimens, is preserved at Yale along with a 
very large personal library on bryophytes which he presented to the Yale library. 

Evans eventually was acknowledged as the world’s foremost authority on the hepaticae 
and surely could have dominated the field for the rest of his life. Yet by 1938 he had 
virtually abandoned the hepaticae and turned his seemingly boundless energy and enthu- 
siasm to the lichen genus Cladonia. We do not know what prompted this change. He 
evidently intended to write an hepatic flora of North America, but this project had 
been anticipated by Frye and Clark. Evans perhaps did not want to compete with them 
in writing a flora even though he was in a better position to prepare one. 

Evans’ interest in lichens actuaily began early in 1925 when he started collecting 
lichens in Connecticut. In 1928 he published (with Rose Meyrowitz) a catalogue of the 
lichens of Connecticut based on the determinations of G. K. Merrill. His first paper on 
Cladonia, the Cladoniae of Connecticut, appeared in 1930, and this was followed by 23 


articles over the next 25 years on the Cladoniae of Connecticut, Vermont, New Jersey, 
Florida, Alaska and other areas. He did most of the field work in the eastern United 
States himself in the company of one of his daughters who drove him to collecting sites. 
Evans was not interested in popularizing the Cladoniae, and his lichen articles can be 
appreciated only by specialists. He adopted Asahina’s microchemical methods and used 
chemistry as a species criterion far in advance of contemporary lichenologists. Altogether 
he described less than ten new species but made Cladonia the best known lichen genus 
in North America by judiciously combining the difficult microchemical methods with his 
wide field experience. His Cladonia herbarium, recently acquired by the Smithsonian Insti- 
tution, contains nearly 40,000 carefully prepared specimens. 

Evans will long be remembered for his critical and brilliant contributions to the 
taxonomy of both the hepaticae and the Cladoniae. His scientific writings are all written 
in a clear, simple style which should be a standard for aspiring students. His influence as 
a teacher, however, has not been widely felt. He retired some 24 years ago, well before 
large numbers of graduate students started to enroll in botany courses. He supervised 
only seven Ph.D. candidates, and of these only two went on in the hepaticae. There were 
no lichen students. Evans worked best with individuals who had considerable motivation 
of their own; he was too shy and modest to handle a lecture hall full of disinterested 
students. He was a poor administrator by his own admission. His whole scientific interest 
centered on the taxonomy of eryptogams. 

As a person, Evans was gracious, modest, and humble about his achievements. A 
visit with him was always a memorable, pleasant experience. He was unfailingly courteous 
to all and free of erratic moods of character and had a delightful sense of humor which 
he often turned on himself. While his scientific articles are models of precision and his 
herbaria are neat and carefully curated, his office was an ineredible shambles of loose 
reprints, books, letters, and specimens in all stages of study. Before a visitor could be 
seated, Evans would have to clear a chair of a wobbling stack of books and specimens. 
As far as we ean tell now, there was no order whatever in this chaos. It was not unusual 
to find Evans at work 6 or 7 days of the week, although he suffered from a palsy con- 
dition which must have made it difficult and tiring to use a microscope. His general 
knowledge of botany was very broad, and he often attended lectures in physiology 
shunned by younger staff members. Not many people knew that he was an avid stamp 
collector. If one entered his office without knocking, Evans would sometimes be working 
on his stamp books surreptitiously. He would hide these immediately and turn to the 
eryptogams almost apologetically. All in all, Evans lived a long full life, and we are 
fortunate that he devoted his talents to cryptogamic botany. 


Field Trip Reports 
May 15. Green Engineering Camp, Ringwood, N. J. As in our first trip to the 


Cooper Union Camp (18 May 1958; Torreya 85: 383), the morning was devoted to bird- 
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watching under the leadership of Mr. Benjamin Gilbert. We heard the uncommon golden 
winged warbler, which in its sibilent singing sounded more like insect than bird. It 
seemed to be striving to say Zizia for the golden Alexanders which were flowering in 
vivid yellow roundabout. The scarlet cardinal flashed by. The indigo bunting, dark-sil- 
houetted in the shadow, when momentarily struck by sunlight at a proper angle, appeared 
bluer than any blue-bird. 

The afternoon walk was in the immediate vicinity of the Camp. Dr. John Pallister, 
Research Associate in Coleoptera, The American Museum of Natural History, identified 
the insects. He pointed out the carvings of a species of wood-borer, which plainly told a 
story. Each carving appeared as a bold line terminating in numerous rays broadening 
distally. It was the work of the mother beetle, who, on reaching the end of her line, 
brooded her grubs, the larvae in turn radiated from their common center of origin, ever 
chewing and growing larger, until there was an end to both mother and offsprings, leav- 
ing for our inspection an umbelliform decorative wood-engraving. 

Mrs. Dowden picked up a plant of Lychnis alba with purplish centered white flowers. 
A striking “color form” indeed! But it was the result of a smut that attacks the anthers 
of Caryophyllaceae, we soon learned from Dr. Clark Rogerson, Mycologist at The New 
York Botanical Garden. We inspected several stands of Uvularia perfoliata. The lemon- 
yellow flowers of this bellwort were delicately lemon-scented; or did the fragrance per- 
haps recall the haunting perfume of Prenanthes alba blossoms? 

Your reporter collected a few fresh flowers of Senecio aureus and S. obovatus for 
cytological study by a monographer of the aureus group of ragworts. Mr. Lubbert 
Westra, a graduate student from Holland, came with a vasculum and collected botanical 
specimens for the Rijksherbarium at Leiden. Attendance about 20. Leaders, Mrs. Raymond 
Dowden and Dr. Ellis Blade. Reported by Joseph Monachino. 


June 5. Iona Island, Bear Mountain, New York. Although both Typha angustifolia 
and T. glauca were far enough advanced in bud for their difference to be noted, the 
station for Arisaema Stewardsonii was disappointing. Scores of plants were observed yet 
none were or had been in bloom. Could an abnormally high water table in the area in 
May have been responsible for this total lack of bloom? On the shores of the inlet at the 
north end of the island Amorpha fructicosa was found in flower. Along the railroad tracks 
which bisect the island, twe additions were made to the list of Rockland County plants 
which is a continuing study of the leader. They were Agrostemma Githago (Corn Cockle), 
a single specimen, and Mirabilis nyctaginea (Umbrellawort), a western plant rapidly 
becoming naturalized in the east. But the railroad tracks also produced a disappointment, 
for the single specimen of Ptelea trifoliata reported from Rockland County is now a dead 
skeleton. The leader first found this tree in 1953 and its history since then has been one 
of yearly deterioration. The reason? Indiseriminate right-of-way spraying by the rail- 
road. Attendance 4. Leader, J. Harry Lehre 

June 19-22. University of Rhode Island, Kingston, R. I., and vicinity. This joint 
meeting with the Northeastern Section of the Botanical Society of America was enjoy- 
able and instructive as previous such meetings have been. Chairman Robert Lepper, Jr., 
called the foray to order Sunday evening and introduced Dr. Elmer Palmatier who gave 
an illustrated lecture on “Vegetation of Southern New England.” An all day bus tour on 
Monday gave participants a chance to examine this vegetation intimately. No attempt 
will be made to list the species seen, although carefully prepared lists were made avail- 
able to us. A deciduous forest sequence took us from red maple swamp forest into various 
oak communities; the most mesic being well populated with red oak, white oak, black 
birch, yellow birch, hop hornbeam, ironwood, hickories, beech, tulip tree, white pine, and 
sugar maple; to dry oak forest of scarlet oak and black oak with heavy shrub layer of 
black huckleberry and sweet-fern. Another series ranged from southern white cedar swamp 
to sand plain and pine barrens aspect. Aquatic environments around Worden Pond, a 
Dulichium marsh, Woodwardia marsh, and a particularly fine kettle-hole bog with exten- 
sive floating mat rounded out the great variety of natural non-saline plant communities 
to be found in a remarkably short radius of the University campus. Most fascinating to 
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me was the sorting out and recombination of northern and southern species under the 
influence of this glaciated terrain. After dinner many people were found busy with 
manuals and plant presses. An evening lecture by Dr. Palmatier set the stage for the 
morrow, 

Tuesday the buses took us tc the marine environments. A saltmarsh was examined 
to a considerable extent and to some depth. The flora of Little River Inlet ranged from 
saltmarsh to dunes and open sandy beach. But the hike (scramble) over the exposed bed- 
rock of Scarborough Ledges—exposed to the Atlantic ocean—was most interesting. Those 
who followed the low tide line were rewarded with an assortment of tidal pools yielding 
flora and fauna of much beauty. Those who followed the shoreward boundary found 
higher plants in variety. Plastic buckets and trays as well as vascula came back to 
U. R. 1. well filled. 

The following officers were elected at the business meeting Tuesday evening: Chair- 
man, Dr. Norman J. Gillette (Syracuse University); Vice-chairman, Miss Mathilde 
Weingartner (Staten Island Museum); Secretary, Dr. William Niering (Connecticut 
College). Dr. Mildred Faust extended an invitation to the Section to meet at Syracuse, 
N. Y. in 1961. Miss Weingartner gave an illustrated lecture based on her tour with the 
International Botanical Congress trips of 1959. 

The Wednesday morning trip along “a portion of Rhode Island’s Great Moraine, 
where there is an extensive dense community of Rhododendron maximum” was delightful. 
Extremely large stems of both mountain laurel and rhododendron lifted huge tops to 
practically tree stature. This was an altogether fitting climax to a thoroughly fine pro 
gram. Attendance about 60.—John A. Small. 


July 16. Wolfe’s Pond Park, Staten Island. The northern section of the park is an 
undeveloped woodland with oak, hickory, and sweetgum the dominant trees. There are 
several swamp areas with button-bush (Cephalanthus) and Decodon verticillatus. One 
marshy area, where a stream had been dammed, had a luxuriant growth of arrow arum. 
Aeme Pond is fringed with rose mallow, which was not yet in bloom. Royal fern, cinna- 
mon fern, New York fern carpeted the woodland floor along with leaves of Maianthemum 
canadensis, Uvularia sessilifolia, Smilacina racemosa, and Mitchella repens. Among the 
shrubs in the area were Lindera Benzoin, Rhododendron nudiflorum, Viburnum aceri- 
folium, and V. dentatum. Grey birches were badly attacked by the birch-leaf miner. 
Across the boulevard we visited the more occupied part of the park, with its bathing 
beaches and rowboating facilities. A luxuriant growth of duckweed, pickerel weed, and 
rose mallow was seen on the pond. At Lemon Creek is the only colony of purple martins 
in New York city. There are six apartment houses to accommodate them. Many adult 
birds were feeding young, flying in and out of the nesting holes with such tidbits as 
mourning cloak butterflies, grasshoppers, crickets, and dragon-flies. Attendance 21. Leader, 
Mathilde P. Weingartner. 

NOTES 

Dr. Bernard Ogilvie Dodge passed away in St. Luke’s Hospital, New York, in the 
evening of August 9. He was born in Mauston, Wisconsin on 18 April 1872. 

Dr. Dodge’s eminent career will be described in a biography that will be published 
later in the BULLETIN. It is sufficient at this time to recall here his long association 
with the Torrey Botanical Club, of which he was at various times Secretary-Treasurer, 
Editor, and finally President. His earliest paper was published in the BULLETIN in 1912, 
and his last in the same periodical forty-five years later. Volume 74 was dedicated to 
Dr. Dodge; in it will be found a brief sketch and appreciation of his work. A special 
program in honor of Dr. Dodge is planned for October 25. 

Besides being an outstanding scientist, Dodge was the most lovable of persons, 
and it is with an intense feeling of personal loss that we who knew him mourn his 
passing—H. W. RICKETT. 

= ¢ = « 


According to the 1959-60 report of the Connecticut Botanical Society, Elaeagnus 
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umbellata can be considered fully naturalized, at least in Southern Connecticut, where 
it “has begun to invade the brushy pastures.” 


* - * * * 


Continuing his investigation into the local floras of the Torrey range which have 
been written and published since the publication of Taylor’s Flora of the Vicinity of 
New York in 1915, the author of these notes was referred to another floristic study which 
was not reviewed in “Torreya.” This was “A Flora of Chester County, Pennsylvania” 
written by Hugh E,. Stone and published by the Academy of Natural Sciences, Philadel- 
phia, in 1945. 

Personal correspondence with Dr. Edgar T. Wherry of the University of Pennsyl- 
vania was again cooperatively received and Dr, Wherry’s appraisal of the Chester County 
study follows: 

“In this voluminous flora the arrangement and the nomenclature of the nearly 1500 
taxa follow Gray’s Manual, edition 7, but the descriptions, based on thorough study by 
the author, are much fuller than in that work. Frequent reference is made to the century 
earlier Florula and Flora Cestrica of William Darlington, the synonyms used therein 
being given. Notes on habitat, frequency and blooming periods, with localities of rarer 
taxa, are added; one can only regret that these are but scanty, and do not include ac- 
counts of the experiences of the author in his half a century of botanical exploration.” 
—J. HArry LEHR. 

Book REvVIEws 


Palms of the World. By James C. MeCurrach. i-xxxvi, 1-290 pp. Illus. 
Harper & Brothers, N. Y. 1960. $17.50. 


This reviewer makes ne pretense of being an authority on the palms and hence has 
little competence as a reviewer perhaps. MeCurrach has acknowledged assistance from 
those who occur to one readily as critical reviewers. This attests to the thoroughness of 
preparation that went into the book, but handicaps its review. There is a foreword by 
W. H. Hodge, President of the Palm Society and two pages of acknowledgments to indi- 
viduals and to institutions of world wide distribution. The illustrated glossary of 48 
Figs. is particularly useful since the illustrations here as elsewhere in the book are 
largely photographs showing exactly what is meant by each term. 

In regard to completeness, “In 1956 Max Burret, noted palm authority in Berlin, 
Germany, published in collaboration with his associate, Eva Potztal, a list that accounted 
for 235 valid palm genera in the world. This list was brought up to date for the author 
by Burret and Potztal and is published with their permission, on page 273. This book 
describes all 235 of these genera.” From one to a dozen species may be described for a 
given genus and others may be mentioned. 

The book is not a manual or other taxonomic treatise. There are no keys. The genera 
are arranged alphabetically. The usual sequence is a general comment about the genus 
followed, for each species included, by common name, origin, sex, trunk, petiole, leaf, 
leaflets, flowerstalk, flower, fruit, and seed descriptions. Frequently there is a paragraph 
about cultivation. This together with the more than 400 photographs tells one a lot about 
palms. Controversial nomenclature is presented without taking sides. The notes on eco- 
nomic products, nursery, and commercial usage are of interest. 

The printing and reproduction reveal excellent craftsmanship. The pages measure 
8ix11 inches, the type is large and set in a one column format.—JoHN A. SMALL, 
Douglass College, Rutgers-The State University of New Jersey. 


Botany. By J. Ben Hill, Lee O. Overholts (deceased), Henry W. Popp 
and Alvin R. Grove, Jr. i-x, 1-571 pp. MeGraw-Hill Book Co., Inec., New 
York. 1960, $8.95. 


The new Penn State textbook is a break with tradition from the start. The institu- 
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tional tan binding of the first two editions has given way to dark blue and white. The 
page size, 7 x 10 inches, is larger and this contributes to the fewer printed pages. The 
format is two column, although plates and tabulations sometimes use the full page width, 

The frontispiece is a black and white photograph by Dr. Charles J. Chamberlain 
taken previous to 1910. It is a beautiful picture but if minor criticism may be made, 
I believe beginning students might be curious to know if this 2,000 year old tree, the 
Big Tree of Tule, has survived the intervening half century since the photograph was 
made. They might even be curious as to Dr. Charles J. Chamberlain, their academic 
grandfather at least. Prefaces to the previous editions have been omitted, after all why 
not revise the preface too and let it go at that. A further reduction is effected in the 
table of contents—a short page where the second edition used over five pages. The chapters 
still number 20. Families of angiosperms has been dropped, to our regret, and the fungi 
have been broken into two chapters, which may represent the contribution of Dr. C. L. 
Fergus. One may wish that Dr. Anton J. Kovae had contributed also since the field of 
ecology does not appear in the table of contents and there is only a single reference to 
the word in the index, to an eight word phrase defining the term. 

The innovation of a half page, or larger, photograph to introduce each chapter falls 
short of spectacular through the economy of halftone reproduction and the first one could 
have been improved just by a better choice of film or filter in the taking or reproducing. 
In full color these could have put the book away out front. Some of the captions must 
have been hurriedly conceived. There are always those students with curiositvy—or is that 
limited to reviewers? For instance, introducing Chapter 9, Growth and Movement, is “a 
Coleus plant automatically recording its growth.” The Coleus is shown in less detail than 
several of the other plants in the crowded greenhouse. There is no explanation of “Dr, 
Dan’l Draper's Self-recording Thermometer,” the electric bell, or the other electrical 
devices the detail of which is too little for their identification, and there is no evidence 
as to where or how the automatic recording of growth is taking place. In general however 
the illustrations are to be highly commended. Many are new and the old ones are mostly 
far better reproduced, in part because of their larger size. The book is quite free of 4 
common fault—supplying drawn figures of a large portion of the material which instrue- 
tors wish their students to study and draw from the material provided. 

The text is up to date, modern, in other respects too. In Chapter 9 again, growth in 
fluencing substances inelude kinetin, gibberellic acid, maleic hydrazide in addition to 
the auxins of earlier years. Photosynthesis is well explained, with the five demonstrated 
reactions but I wish the authors had the courage to omit “what is usually called the 
photosynthetic equation.” Even after the explanation the equations deny the facts and 
never show the necessity of 2 molecules of water for each molecule of carbon dixoide or 
the release of a different molecule of water in the summary reaction. 

Catabolic metabolism is equally good, including glycolysis of glucose and a full 
page Krebs cycle, photosynthetic phosphorylation having been introduced in the discus- 
sion of photosynthesis—JOHN A, SMALL, Douglass College, Rutgers-The State University 


of New Jersey. 
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COMPILED BY 
LAZELLA SCHWARTEN 
WITH THE COLLABORATION OF THE EDIToR OF BRITTONIA 


TAXONOMY, PHYLOGENY AND FLORISTICS 
ALGAE 

Durrell, L. W. & Norton, Claire. Phytoplankton of lakes of Grand Mesa, Colo- 
rado. Trans. Am. Mier. Soe. 79: 91-97. Jan [Mar] 1960. 

Lackey, James B. Calkinsia aureus |sic! | gen. et sp. nov., a new marine euglenid. 
Trans. Am. Mier. Soe. 79: 105-107. Jan [Mar] 1960. 

Schumacher, George J. Further notes on the occurrence of desmids in Utricularia 
bladders. Castanea 25: 62-65. Mar 1960. 

Starr, Richard C. The culture collection of algae at Indiana University. Am. 
Jour. Bot. 47: 67-86. 28 Jan 1960. 


BRYOPHYTES 
Al-Aish, Matti & Anderson, Lewis E. Chromosome numbers in some mosses from 
Quebee. Canad. Jour. Bot. 38: 335-341. Mai 1960. 
Bartram, Edwin B. Mosses of d’Entrecasteaux group & Louisiade archipelago, 
Papua, New Guinea. Blumea 10: 143-150. 15 Mai 1960. 


FUNGI 

Bakshi, B. K. & Singh, Sujan. A new genus | Ceropsora] in plant rusts. Canad, 
Jour. Bot. 38: 259-262. 15 Mar 1960. 

Benjamin, R. K. Two new members of the Mucorales. Aliso 4: 523-530. 29 Apr 
1960. 

Diener, Urban L. The mycoflora of peanuts in storage. Phytopathology 50: 
220-223. Mar 1960. 

Drechsler, Charles. Two new species of Conidiobolus found in plant detritus. 
Am. Jour. Bot. 47: 368-377. Mai 1960. 

Hale, Mason E. A revision of the South American species of Parmelia determined 
by Lynge. Contr. U. S. Natl. Herb. 36: 1-41. pl. 1-5. 1960. 

Hesler, L. R. & Smith, Alexander H. Studies on Lactarius—I. The North Ameri- 
can species of sect. Lactarius. Brittonia 12: 119-139, pl. 8-13. 15 Apr 1960. 

Meyers, Samuel P. & Moore, Royall T. Thalassiomycetes Il. New genera and 
species of Deuteromycetes. Am. Jour. Bot. 47: 345-349. Mai 1960. 

Meyers, S. P. & Reynolds, E. S. Occurrence of lignicolous fungi in northern 
Atlantie and Pacific marine localities. Canad. Jour. Bot. 38: 217-226. 15 
Mar 1960. 

Scott, William W. A study of some soil-inhabiting Phycomycetes from Haiti. 
Va. Jour. Sei. IT. 11: 19-24. Jan 1960. 

Singer, Rolf. Dos géneros de hongos nuevos para Argentina. Bol. Soc. Argent. 
Bot. 8: 9-13. Nov 1959. 
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Sparrow, Frederick K. & Lingappa, Yamuna. Observations on chytridiaceous 
parasites of phanerogams, VIII. Urophlyctis (Physoderma) pluriannulatus 
and U. majus. Am. Jour. Bot. 47: 202-209. 21 Mar 1960. 


PTERIDOPHYYTES 
(See also under Spermatophytes: Léve & Bernard) 

Ballard, Francis. The correct name for the hybrid Dryopteris cristata x spinulosa. 
Am. Fern. Jour. 50: 105, 106. Jan—Mar 1960. 

Benedict, Ralph C. The genesis of the American Fern Journal. Am. Fern Jour. 
50: 2-5. Jan—Mar 1960. 

Boivin, Bernard. A new Equisetum [Calderi]. Am. Fern Jour. 50: 107-109. 
Jan—Mar 1960. 

Brown, Clair A. What is the role of spores in fern taxonomy? Am. Fern Jour. 
50: 6-14. Jan—Mar 1960. 

Correll, Donovan S. A mule-train trip to Sierra Mohinora, Chihuahua. Am. 
Fern Jour. 50: 66-78. Jan—Mar 1960. 

Ewan, Joseph. First illustrations of ferns from Peru and Chile. Am. Fern Jour. 
50: 26-32. Jan—Mar 1960. 

Faust, Mildred E. Survival of hart’s-tongue fern in central New York. Am. 
Fern Jour. 50: 55-62. Jan—Mar 1960. 

Fuchs, Hans P. The nomenclature of a Japanese Ophioglossum. Am. Fern Jour. 
50: 124-127. Jan—Mar 1960. 

Holttum, R. E. Two problem-species: Schizoloma cordatum Gaud. and Syn 
gramma pinnata J, Smith. Am. Fern Jour. 50: 109-113. Jan—Mar 1960. 

Howell, John Thomas. The endemic pteridophytes of the California Floral Pro- 
vince. Am. Fern Jour. 50: 15-25. Jan—Mar 1960. 

McGregor, Ronald L. Ferns and allies in Kansas. Am. Fern Jour. 50: 62—66. 
Jan—Mar 1960. 

Meyer, D. E. Hybrids in the genus Asplenium found in northwestern and central 
Europe. Am. Fern Jour, 50: 138-145. Jan—Mar 1960. 

Morton, C. V. Observations on cultivated ferns VI. The ferns currently known 
as Rumohra, Am. Fern Jour. 50: 145-155. Jan—Mar 1960. 

Nishida, Makoto. A synopsis of Sceptridium in Japan. Am. Fern Jour. 50: 
27-133. Jan—Mar 1960. 

Pichi-Sermolli, Rodolfo E. G. The identification of Aspidium distans Viv. Am. 
Fern Jour. 50: 133-138. Jan—Mar 1960. 

Poelt, J. Dryopteris borreri in Bavaria. Am. Fern Jour. 50: 114-117. Jan—Mar 
1960. 

Sehnem, Aloysio. Uma colecio de pteridéfitos do Rio Grande do Sul. Pesquisas 
3: 495-576. pl. 1-5. 1959. 

Tagawa, Motozi & Iwatsuki, Kunio. On the species of Dryopleris subgenus 
Pycnopteris. Am. Fern Jour. 50: 98-104. Jan—Mar 1960. 

Tindale, Mary D. Notes on pteridophytes from Australasia and New Caledonia, 
I. Am. Fern Jour. 50: 117--124. Jan—Mar 1960. 

Tryon, Rolla. The ecology of Peruvian ferns. Am. Fern Jour. 50: 46-55. Jan- 
Mar 1960. 

Wagner, Warren H. Evergreen grapeferns and the meanings of infraspecific 
eategories as used in North American pteridophytes. Am. Fern Jour. 50: 
32-45. Jan—Mar 1960. 

Wherry, Edgar T. Progress in the study of Dryopteris hybrids. Am. Fern Jour. 

50: 87-92. Jan—Mar 1960. 


[| Vou 














INDEX TO 


Oct 1959. 


Anon. Miscellanea taxonomiea. 
[31 Mar] 1960. 

Bean, R. C., Hill, A. F. & Eaton, R. J. Thirteenth report of the Committee on 
Rhodora 62: 108-116. 26 Apr 1960. 

Brade, Alexander Curt. Betrachtungen iiber Ursprung and pflanzengeographische 
Bot. Jahrb. 79: 208-217. 


Plant Distribution. 


Beziehungen der Pflanzenwelt des hohen Itatiaia. 
20 Feb 1960. 

Brizicky, George K. A new species of Paramachaerium | gruberi| from Panama. 
Trop. Woods 112: 58-64. Apr 1960. 

Brooks, Karl L. Adoxa and Uvularia in the Delaware County (N. Y.) flora. 
Bull. Torrey Club 87: 151-153. 20 Apr 1960. 

Brown, Walter V. A cytological difference between the Eupanicoideae and the 
7-11. 15 Apr 1960. 

mus Schismatoglottis (section Philonotis) in America. 
69-71. Feb [31 Mar] 1960. 


Chloridoideae (Gramineae). 
Bunting, George S. The ; 
Ann, Missouri Bot. Gard. 47: 
Cabrera, Angel L. Notas sobre tipos de compuestas sudamericanas en herbarios 
Bol. Soe. Argent. Bot. 8: 26-35. Nov 1959. 

Calder, J. A. & Savile, D. B. O. Studies in Saxifragaceae. III. Saxifraga odonto- 
loma and lyalli, and North American subspecies of S. punctata, 
Jour. Bot. 38: 409-435. Mai 
Castafieda, Rafael Romero. Dos nuevas especies colombianas de Spirotheca. 
Mutisia 26: 7-16. 15 Sep 1959. 

Cayouette, Richard & Brassard, 'rére Léo. La présence de l’herbe & la puce au 
Nat. Canad. 77: 107-111. Apr 1960. 

Chambers, Kenton L. On the origin of an unusual Dipholis from the Florida 
Keys. Trop. Woods 112: 40-57. Apr 1960. 

Dressler, Robert L. & Dodson, Calaway H. Classification and phylogeny in the 
Ann. Missouri Bot. Gard. 47: 25-68. Feb [31 Mar] 1960. 
Dugand, Armando. Una palma nueva Scheelea del Bajo Magdalena, Colombia. 
3. 15 Sep 1959. 

Ehrle, Elwood L. Eleocharis acicularis in acid mine drainage. 
95-97. 26 Apr 1960. 

Ellis, J. R. & Janick, Jules. The chromosomes of Spinacia oleracea. 
Bot. 47: 210-214. 21 Mar 1960. 

Epling, Carl. Supplementary notes on American Labiatae—VII. 
140-150. 15 Apr 1960. 

Fabris, Humberto A. Sobre la identidad de dos especies sudamericanas de Genti 
anella. Bol. Soe. Argent. Bot. 8: 
Ferreyra, Ramon. Dos especies nuevas de Onoseris (Compositae) para la flora 
Publ. Mus. Hist. Nat. Lima Bot. 11: 1—6. pl. 1, 
Fosberg, F. R. Introgression in Artocarpus (Moraceae) in Micronesia. Brit- 
. 15 Apr 1960. 

Garay, Leslie A. On the origin of the Orchidaceae. 
pl. 15-19. 19 Mai 1960. 

Gentry, Howard Scott. A new Agave [guiengola|] from Oaxaca, Mexico. Brit- 
tonia 12: 98-100. 15 Apr 1960. 


europeos. LI. 


Saguenay. 


Orchidaceae. 


Mutisia 26: 


peruviana. 


tonia 12: 101 


AMERICAN BOTANICAL LITERATURE 


SPERMATOPHYTES 
(See also under Genetics : Smith & Daly) 


Alva, Abundio Sagastegui. Cipericeas nuevas para el Perd. 


Ann. Missouri Bot. Gard. 47: 


Southw. Nat. 5: 





Biota 2: 267-269. 


73-80. Feb 


Canad. 


Rhodora 62: 


Am. Jour. 


Brittonia 12: 


2. Dee 1959. 


Bot. Mus. Leafl. 19: 57-96. 
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Gillett, John M. The flora of the vicinity of the Merewether Crater, Northern 
Labrador. Canad. Field-Nat. 74: 8-27. Jan—Mar 1960. 

Gillis, William T. Taxonomic problems in poison ivy. Pap. Mich. Acad. I, 45: 
27-34. 1960. 

Grant, Verne & Grant, Alva. Genetic and taxonomie studies in Gilia. XI. Fer 
tility relationships of the diploid cobwebby gilias. Aliso 4: 435-481. 29 
Apr 1960. 

Gregory, David P. & Klein, William M. Investigations of meiotic chromosomes 
of six genera in the Onagraceae. Aliso 4: 505-521. 29 Apr 1960. 

Hodgdon, A. R. & Pike, Radcliffe. Recent changes in some Rhododendron colo 
nies in Maine and New Hampshire. Rhodora 62: 87-93. 26 Apr 1960, 

Hu, Shiu-Ying. A revision of the genus Clethra in China. Jour. Arnold Arb. 41: 
164—190. Apr 1960, 

Irwin, H. S. & Turner, B. L. Chromosomal relationships and taxonomic consider 
ations in the genus Cassia. Am. Jour. Bot. 47: 309-318. 20 Apr 1960. 
Isely, Duane & Welsh, S. L. Petalostemon candidum and P. occidentale (Legumi 

nosae). Brittoma 12: 114-118. 15 Apr 1960. 

Johnston, Marshall C. Croton suaveolens and Croton abruptus (Euphorbiaceae 
of western Texas and northern Mexico. Rhodora 62: 77-81. Mar [4 Apr] 
1960. 

Killip, Ellsworth P. Supplemental notes on the American species of Passi 
floraceae with descriptions of new species. Contr. U. S. Natl. Herb. 35: 
1-23. pl. 1-11. 1960. 

Kruckeberg, A. R. A new Silene marmorensis| from northwestern California. 
Madrono 15: 172-177. 18 Apr 1960. 

Lepage, Ernest. Hieracium canadense Michx. et ses alliées en Amérique du Nord, 
Nat. Canad. 87: 59-84. Mar. 85-107. Apr 1960. 

Lewis, Harlan. Chromosome numbers and phylogeny of Trichostema. Brittonia 
12: 93-97. 15 Apr 1960. 

Love, Doris & Bernard, Jean-Paul. Flora and vegetation of the Otterburne area, 
Manitoba, Canada. Sv. Bot. Tidskr. 53: 335-460. 31 Mar 1960. 

McGregor, Ronald L. New and interesting vascular plant records from Kansas. 
Rhodora 62: 93-95. 26 Apr 1960. 

McGregor, Ronald L. A new form of Astragalus mollissimus. Rhodora 62: 
116. 26 Apr 1960. 

Mohlenbrock, Robert H. The Cyperaceae of Illinois. I. Cyperus. Am, Midl. Nat. 
63: 270-306. Apr 1960. 

Moldenke, H. N. Materials toward a monograph of the genus Avicennia. I. 
Phytologia 7: 123-168. 30 Jan. IT. 179-232. Mai 1960. 

Moldenke, Harold N. Materials toward a monograph of the genus Pseudocar- 
pidium. II. Phytologia 7: 112-118. 30 Jan 1960. 

Moldenke, Harold N. Notes on new or noteworthy plants. XXV. Phytologia 7: 
119-123. 30 Jan 1960. 

Munz, Philip A. California miscellany. V. Aliso 4: 503, 504. 29 Apr 1960. 

Munz, Philip A. The genus Burragea (Onagraceae). Aliso 4: 501, 502. 29 Apr 
1960, 

Munz, Philip A. The genus Hauya (Onagraceae). Aliso 4: 492-499. 29 Apr } 
1960. 

Munz, Philip A. The genus Yylonagra (Onagraceae). Aliso 4: 499, 500. 29 Apr 

1960. 
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Munz, Philip A. A new species of Oenothera from Mexico. Aliso 4: 490, 491. 
29 Apr 1960. 

Munz, Philip A. North American species of Epilobium south of the United 
States. Aliso 4: 485-490. 29 Apr 1960. 

Norstog, Knut J. Some observations on the spikelet of Hierochloé odorata. Bull. 
Torrey Club 87: 95-98. 20 Apr 1960. 

Pabst, Guido F. J. Contribuicéo para o conhecimento das orquideas de Santa 
Catarina e sua disperséo geogrifica—V. Sellowia 10: 163-165. 1 pl. 30 
Sep 1959. 

Pabst, Guido F. J. Orchidaceae novae riograndenses a Cl. Joao Dutra descriptae 
vel nominatae sed nunquam luci editae—IT. Sellowia 10: 125-140. pl. 1, 2. 
30 Sep 1959. 

Pujals, Carmen. Nota preliminar sobre la presencia del género Asterocytis en 
Argentina. Bol. Soc. Arg. Bot. 8: 36. Nov 1959. 

Rambo, Balduino. Cyperaceae riograndenses. Pesquisas 3: 353-453. 1959 
Raven, Peter H. & Lewis, Harlan. Observations on the chromosomes and rela- 
tionships of Hauya and Xylonagra. Aliso 4: 483, 484. 29 Apr 1960. 
Reed, Clyde F. New localities for Lorinseria areolata in West Virginia. Cas- 

tanea 25: 65-67. Mai 1960. 

Reitz, P. Raulino. Os nomes populares das plantas de Santa Catarina. Sellowia 
11: 9-148. 15 Oct 1959. 

Riley, H. P. Chromosome numbers in the genus Haworthia. Jour. 8. Afr. Bot. 
26: 139-148. Apr 1960. 

Robinson, Harold. The genus Gerardia in Tennessee. Jour. Tenn, Acad. 35: 
9-16. Jan 1960. 

Robison, William C. Spruce knob revisited: a half century of vegetative 
change. Castanea 25: 53-57. Mai 1960. 

Rzedowski, J. Notas sobre la flora y la vegetacién del Estado de San Luis 
Potosi. VIII. Cinco fanerégamas interesantes del sur y centro del Estado. 
Ciencia Mexico 194-5: 77-86. 15 Jul 1959. 

Santos Biloni, José. Acerea del género Gunnera Linné y su distribucién geogra- 
fica. I. Las especies americanas. Sellowia 10: 167-185. pl. 1—3. 30 Sep 1959. 

Sax, Holly J. Polyploidy in Enkianthus (Ericaceae). Jour. Arnold Arb. 41: 
191-196. Apr 1960. 

Shaver, Jesse M. Trillium cuneatum Raf. in Tennessee. Jour. Tenn. Acad. 35: 
81-91. Apr 1960. 

Smith, Lyman B. Notes on Bromeliaceaé, XTII. Phytologia 7: 105-111. 30 Jan. 
XIV. 169, 178. Mai 1960. 

Smith, Lyman B. & Downs, Robert J. Notulae Euphorbiacearum. Sellowia 11: 
149-154. 15 Oct 1959. 

Smith, Lyman B. & Downs, Robert J. Resumo preliminar das euforbifceas de 
Santa Catarina, Sellowia 11: 155-231. pl. 1-34. 15 Oct 1959. 

Stebbins, G. Ledyard & Zohary, D. Cytogenetic and evolutionary studies in the 
genus Dactylis. 1: Morphology, distribution, and interrelationships of the 
diploid subspecies. Univ. Calif. Publ. Bot. 31: 1-40. pl. 1-3. 15 Dee 1959. 

Stoutamire, Warren P. The relationship of anthocyanins to Gaillardia taxonomy. 
Pap. Mich. Acad. I. 45: 35-39. 1960. 

Thompson, Henry J. The genetic approach to the taxonomy of Mentzelia lindleyi 
and M. crocea (Loasaceae). Brittonia 12: 81-93. 15 Apr 1960, 

Thomas, Joab L. A monographic study of the Cyrillaceae. Contr. Gray Herb. 

186: 1-114. 27 Mai 1960. 
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Thorne, Robert F. & Cooperrider, Tom S. The flora of Giles County, Virginia, 
Castanea 25: 1-53. Mai 1960. 
Turner, B. L. Meiotic chromosome numbers in Texas species of the genus Coreop- 
sis (Compositae—Heliantheae). Southw. Nat. 5: 12-15. 15 Apr 1960. 
Turner, B. L. & Fearing, O. S. The basic chromosome number of the genus 
Neptunia (Leguminosae—Mimosoideae). Madrofio 15: 184-187. 18 Apr 
1960. 

Upham, Alan W. A flora of Windham County [Conn.]. A checklist. Bull. Conn. 
Geol. Nat. Hist. Surv. 91: 1-81. 1959. 

Vasek, Frank C. A cytogenetis study of Clarkia exilis. Evolution 14: 88-97. Mar 
1960, 

Wagenknecht, Burdette L. Revision of Heterotheca, section Heterotheca (Com- 
positae). Rhodora 62: 61-76. Mar [4 Apr]. 97-108. 26 Apr 1960. 

Warnock, Barton H. & Johnston, Marshall C. The genus Savia (Euphorbiaceae 
in extreme western Texas. Southw. Nat. 5: 1-6. 15 Apr. 1960. 

Webber, John Milton. Hybridization and instability of Yueca. Madrono 15: 
187-192. 18 Apr 1960. 

Wendelberger, G. Artemisia Parryi Asa Gray eine wenig bekannte Sipper aus 
Nord-amerika. Phyton Austria 8: 205-209. 18 Oct 1959. 

Wilson, Kenneth A. The genera of Hydrophyllaceae and Polemoniaceae in the 
southeastern United States. Jour. Arnold Arb. 41: 197-212. Apr 1960. 
Wood, Carroll E. The genera of Sarraceniaceae and Droseraceae in the south 

eastern United States. Jour. Arnold Arb. 41: 152-163. Apr 1960, 


MORPHOLOGY 
(including anatomy and cytology in part) 
(See also under Algae: Starr ; under Genetics : Hecht, Ross.) 


Arnold, Howard J. Tracheoidal idioblasts in Botrychium. Trans. Am. Mier. 
Soc. 79: 97-103. Jan [Mar] 1960. 

Bailey, I. W. Some useful techniques in the study and interpretation of pollen 
morphology. Jour. Arnold Arb. 41: 141-148. pl. 1-3. 15 Apr 1960. 

Baker, H. G. Apomixis and polyembryony in Pachria oleaginea (Bombacaceae). 
Am, Jour. Bo’, 47: 296-302. 20 Apr 1960. 

Carlquist, Sherwin. Wood anatomy of Cichorieae (Compositae). Trop. Woods 
112: 65-91. Apr 1960. 

Copeland, Herbert F. The reproductive structures of Fraxinus velutina 
(Oleaceae). Madrofio 15: 161-172. 18 Apr 1960. 

Crotty, William J. Abnormal nuclear division in fern prothallia. Am, Fern 
Jour. 50: 92-98. Jan—Mar 1960. 

Dnyansagar, Vishnu R. & Cooper, Delmer G. Development of the seed of 
Solanum phureja. Am. Jour. Bot, 47: 176-186. 21 Mar 1960. 

Esau, Katherine. Anatomy of seed plants. i-xvi, 1-376. 1960. 

Heimsch, Charles. A new aspect of cortical development in roots. Am. Jour. 
Bot. 47: 195-201. 21 Mar 1960. 

Hesseltine, C. W. The zygosporic stage of the genus Pirella (Mucoraceae). Am. 
Jour. Bot. 47: 225-230. 21 Mar 1960. 

Hirschhorn, Elisa. Comportamiento nuclear de Ustilago utriculosa Nees, durante 
la germinacion de los clamidosporos. Bol. Soc. Bot. Argent. 8: 14-18. Nov 
1959. 

Holmsen, Theodore W. Pith development in normal and short internode 
seedlings of Prunus persica var. ‘Lovell. Am. Jour. Bot. 47: 173-175. 
21 Mar 1960. 
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Kurtz, Edwin B., Liverman, James L. & Tucker, Henry. Some problems con- 
cerning fossil and modern corn pollen. Bull. Torrey Club 87: 85-94. 20 
Apr 1960. 

Lam, S. L. & Leopold, A. C. Reversion from flowering to the vegetative state in 
Xanthium. Am. Jour. Bot. 47: 256-259. 20 Apr 1960. 

Leinweber, C. L. & Hall, Wayne C. Foliar abscission in cotton. III. Maero- 
scopic and microscopic changes associated with natural and chemically in- 
duced leaf-fall. Bot. Gaz, 121: 9-16. Sep 1959 [14 Mar 1960]. 

Leisman, Gilbert A. The morphology and anatomy of Callipteridium Sullivanti. 
Am. Jour. Bot. 47: 281-287. Apr 1960. 

McGinnis, R. C. Note on the occurrence of binucleate pycniospores in species of 
Puccinia. Canad. Jour. Pl. Sei. 40: 202. f. 1. Jan 1960. 

Macior, Lazarus Walter. The tetrakaidecahedron and related cell forms in un- 
differentiated plant tissues. Bull. Torrey Club 87: 99-138. 20 Apr 1960. 

Mohan Ram, H. Y. The development of the seed in Andrographis serpyllifolia. 
Am. Jour. Bot. 47: 215-219. 21 Mar 1960. 

Ouellette, G. B. & Gagnon, C. Formation of microendospores in Ceratocystis 
ulmi (Buism.) C. Moreau. Canad. Jour. Bot. 38: 235-241. 15 Mar 1960. 

Popham, Richard A. Variability among vegetative shoot apices. Bull. Torrey 
Club 87: 139-150. 20 Apr 1960. 

Stokey, Alma G. Multicellular and branched hairs on the fern gametophyte. 
Am. Fern Jour. 50: 78-87. Jan—Mar 1960. 

Tucker, Shirley C. Ontogeny of the floral apex of Michelia fuscata. Am. Jour. 
Bot. 47: 266-277. 20 Apr 1960. 

Wilson, J. A. & Holt, E. C. Role of the male gametophyte in dallisgrass repro- 
duction. Agron. Jour. 52: 134-137. Mar 1960. 

Wilson, Thomas K. The comparative morphology of the Canellaceae. I. Synopsis 
of genera and wood anatomy. Trop. Woods 112: 1-27. Apr 1960. 


GENETICS 
(including cytogenetics) 
(See also under Spermatophytes : Irwin & Turner; Grant & Grant) 

Butler, L. The linkage map of chromosome 2 of the tomato. Canad. Jour. Bot. 
38: 365-379. Mai 1960. 

Cooper, W. E. & Gregory, W. C. Radiation-induced leaf spot resistant mutants 
in the peanut (Arachis hypogaea L.). Agron. Jour. 52: 1-4. Jan 1960. 
Culp, Thomas W. Inheritance of plant height and capsule length in sesame, 

Sesamum indicum L. Agron. Jour. 52: 101-103. Feb 1960. 

Desborough, Sharon & Lindegren, Gertrude. Chromosome mapping of linkage 
data from Saccharomyces by tetrad analysis. Genetica 30: 346-383. 1959. 

Fleming, A. A., Kozelnicky, G. M. & Browne, E. B. Cytoplasmic effects on 
agronomic characters in a double-cross maize hybrid. Agron. Jour. 52: 
112-115. Feb 1960. 

Frost, Howard B., Lesley, Margaret M. & Locke, Warren F. Cytogenetics of a 
trisomic of Matthiola incana, involving a ring chromosome and somatie in- 
stability of singleness (versus doubleness) of flowers and shape of leaves. 
Genetics 44: 1083-1099. Nov 1959 [Jan 1960]. 

Gutierrez, Mario G. & Sprague, G. F. Randomness of mating in isolated poly- 
cross. plantings of maize. Geneties 44: 1075-1082. Nov 1959 [Jan 1960]. 

Hecht, Adolph. Growth of pollen tubes of Oenothera organensis through other- 
wise incompatible styles. Am. Jour. Bot. 47: 32-36. 28 Jan 1960. 
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Heermann, R. M. Inheritance of stem rust reaction in tetraploid wheat hybrids: 

II. Genes for resistance to race 15B from Khapli emmer. Agron. Jour. 52: 

107-110. Feb 1960. 
Hooker, A. L. Inheritance of reaction to Septoria avenae in oats. 


52: 139-143. Mar 1960. 


Agron. Jour. 


Koopmans, A. Changes in sex in the flowers of the hybrid Solanum rybinii x 8. 


chacoense. 1V. Further data from the reciprocal eross S. chacoense x 8. ry- 


binii. Genetica 30: 384-390. 1959. 
Lang, R. C. & Gorz, H. J. Factors affecting embryo development in crosses of 
Velilotus officinalis x M. alba. Agron. Jour. 52: 71-74. Feb 1960. 
Lenz, Lee W. The cytology of the white eypripediums. Am. Orchid Soc. Bull. 
29: 187-192. Mar 1960. 
Maling, Barbara. Linkage data for group IV markers in Neurospora. 
44; 1215-1220. Nov 1959 [Feb 1960]. 
Menzel, Margaret Y. & Pate, James B. Chromosomes and crossing behavior of 
some species of Sansevieria. Am. Jour. Bot. 47: 230-238. 21 Mar 1960. 
Moav, Ruth & Cameron, D. R. [Genetic instability in Nicotiana hybrids.] I. 
The expression of instability in N. tabacumx N. plumbaginifolia. Am. 
Jour. Bot. 47: 87-93. 19 Feb 1960. 
Moll, R. H., Robinson, H. F. & Cockersham, C. Clark. Genetic variability in an 


advanced generation of a cross of two open-pollinated varieties of corn. 


Geneties 


Agron. Jour. 52: 171-173. Mar 1960. 
Nelson, R. R. The genetics of compatibility in Cochliobolus carbonum. Phyto 
pathology 50: 158-160. 20 Feb 1960. 
Pandey, Kamla Kant. Evolution of gametophytic and sporophytic systems of 
self-incompatibility in angiosperms. Evolution 14: 98-115. Mar 1960. 
Perkins, David D. New markers and multiple point linkage data in Neurospora. 
Geneties 44: 1185-1208. Nov 1959 [| Feb 1960]. 

Perkins, David D. & Ishitani, Chiyoko. Linkage data for group ITI 
Neurospora. Geneties 44: 1209-1213. Nov 1959 | Feb 1960 |. 

Phillips, L. L. & Gerstel, D. U. Segregation in new allopolyploids of 
Jour. Hered. 50: 103-108. Mai-Jun [Nov] 1959. 

Richardson, D. L. Pericarp thickness in popcorn. Agron. Jour. 52: 77-80. Feb 


1960, 


markers in 


GOS8s yprum. 


Rick, Charles M. & Harrison, A. L. Inheritance of five new tomato seedling 
characters. Jour. Hered. 50: 90-98. Mai—Jun [Nov] 1959. 

Rifaat, Osama M. Effect of temperature on crossing-over in Neurospora crassa. 
Genetica 30: 312-323. 1959. 

Strickland, Walter N., Perkins, David D. & Veatch, Catherine C. Linkage | 
data for group V markers in Neurospora. Geneties 44: 1221-1226. Nov 
1959 | Feb 1960]. i 

Suyama, Y., Munkres, K. D. & Woodward, V. W. Genetic analyses of the pry-3 
locus of Neurospora crassa; the bearing of recombination and gene con- | 
version upon intraallelie linearity. Genetica 30: 293-311. 1959. 

Townsend, C. E. Sterility in sudangrass: I. Barren- and chimeral partial-steril- 
ity. Agron. Jour. 52: 153-155. Mar 1960. 

Wagenaar, E. B. The cytology of three hybrids involving Hordeum jubatum L.: 
the chiasma distributions and the occurrence of pseudo ring-bivalents in 
genetically induced asynapsis. Canad. Jour. Bot. 38: 69-85. pl. 1. Jan 1969. 

Ware, J. O. Inheritance of X-ray diffraction pattern and its correlation with 
other properties in upland cotton. Agron. Jour. 52: 25, 26. Jan 1960. 
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Watson, G. 8. & Caspari, Ernst. The behavior of cytoplasmic pollen sterility in 
populations. Evolution 14: 56-63. Mar 1960. 

PLANT PHYSIOLOGY 
(See also under Algae: Starr ; under Morphology : Jensen ; under Phytopathology : 
Kaul & Shaw; Scheffer; Shepherd & Pound) 

Andrews, J. E. Cold hardening and cold hardiness of young winter rye seedlings 
as affected by stage of development and temperature. Canad. Jour. Bot. 
38: 353-363. Mai 1960. 

Applegate, Howard G., Adams, Donald F. & Carriker, Roy C. Effect of aqueous 
fluoride solutions on respiration of intact bush bean seedlings. I. Inhibition 
and stimulation of oxygen uptake. Am. Jour. Bot. 47: 339-345. 17 Mai 
1960, 

Avers, Charlotte J. & King, Earl E. Histochemical evidence of intracellular 
enzymatic heterogeneity of plant mitochondria. Am. Jour. Bot. 47: 
220-225. 21 Mar 1960. 

Ashby, William C. Limitation to growth of basswood from mineral nutrient de- 
ficiencies. Bot. Gaz. 121: 22-28. Sep 1959 [14 Mar 1960]. 

Ashby, William C. & Mika, Edward S. Sulfur deficiency in Tilia americana. 
Bot. Gaz. 121: 28-31. Sep 1959 [14 Mar 1960}. 

Bach, Michael K. & Fellig, J. Stimulation of the respiration of Chlorella 
vulgaris by purine and purine analogues. Pl. Physiol. 35: 36-44. Jan 

Feb] 1960, 

Bamberger, E. & Mayer, A. M. Effect of kinetin on formation of red pigment 
in seedlings of Amaranthus retroflerus. Science 131: 1094, 1095. 15 Apr 
1960, 

Bendix, Selina W. Phototaxis. Bot. Rev. 26: 145-208. Apr—Jun 1960. 

Bernhard, Richard A. Some studies of coumarin and coumarin analogues as 
germination inhibitors of radish seeds. Bot. Gaz. 121: 17-21. Sep 1959 
[14 Mar 1960]. 

Boll, William G. Ethionine inhibition and morphogenesis of excised tomato 
roots. Pl. Physiol. 35: 115-122. Jan [Feb] 1960. 

. Bray, J. R. The chlorophyll content of some native and managed plant com- 
munities in central Minnesota. Canad. Jour. Bot. 38: 313-333. Mai 1960. 

Burg, Stanley P. & Thimann, Kenneth V. Studies on the ethylene production 
of apple tissue. Pl. Physiol. 35: 24-35. Jan [Feb] 1960. 

Caso, O. H. & Marzocca, A. Ensayos preliminares sobre la accién del Acido 


gibberéllico en Taraxacum koksaghyz. Bol. Soe. Bot. Argent. 8: 19-23. 
Nov 1959. 
Cheng, Yu-Yen, Linko, Pekka & Milner, Max. On the nature of glutamie acid 
j decarboxylase in wheat embryos. Pl. Physiol. 35: 68-71. Jan [Feb] 1960. 


; Crafts, A. S. & Yamaguchi, 8S. Absorption of herbicides by roots. Am. Jour. 
| Bot. 47: 248-255. 20 Apr 1960. 
Dantuma, G. & Andrews, J. E. Differential response of certain barley and wheat 
| varieties to hardening and freezing during sprouting. Canad. Jour. Bot. 
38: 133-151. 15 Mar 1960. 
Davis, Rowland H. Adaptation in panthothenate-requiring Neurospora, I. A 
i gene modifying pantothenate mutant. Am. Jour. Bot. 47: 351-357. Mai 
1960. 
N Dyer, Robert J., Skok, John & Scully, Norbert J. Photoperiodiec behavior of 


sunflower. Bot. Gaz. 121: 50-55. Sep 1959 [14 Mar 1960]. 
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Epstein, Emanuel. Spaces, barriers, and ion carriers: ion absorption by plants. 
Am. Jour. Bot. 47: 393-399. Mai 1960. 

Fensom, D. 8S. A note on electrical resistance measurements in Acer saccharum, 
Canad. Jour. Bot. 38: 263-265. 15 Mar 1960. 

Gage, R. S. & Aronoff, S. Radioautography of tritiated photosynthate arising 
from HTO [? THO]. Pl. Physiol. 35: 65-68. Jan [Feb] 1960. 

Gage, R. S. & Aronoff, S. Translocation III. Experiments with carbon 14, chlo- 
rine 36, and hydrogen 3. Pl. Physiol. 35: 53-64. Jan [Feb] 1960. 

Gautier, Elena & Gerber, Fany. Investigacion de la actividad antibacteriana de 
plantas de Cérdoba. Bol. Soc. Argent. Bot. 8: 1-8. Nov 1959. 

Hackett, David P., Haas, Darrell W., Griffiths, Susanne K. & Niederpruem, 
Donald J. Studies on development of cyanide-resistant respiration in potato 
tuber slices. Pl. Physiol. 35: 10-19. Jan [Feb] 1960. 

Hamilton, R. H. Biological activity of tetrazole analogues of indole-3-acetie acid 
and 2, 4-dichlorophenoxyacetie acid. Pl. Physiol. 35: 136-140. Jan [Feb] 
1960, 

Hendricks, S. B., Toole, E. H., Toole, V. K. & Borthwick, H. A. Photocontrol of 
plant development by the simultaneous excitations of two interconvertible 
pigments. IIT. Control of seed germination and axis elongation. Bot. Gaz. 
121: 1-8. Sep 1959 [14 Mar 1960]. 

Jansen, Eugene F., Jang, Rosie, Albersheim, Peter & Bonner, James. Pectic 
metabolism of growing cell walls. Pl. Physiol. 35: 87-97. Jan [Feb] 1960. 

Jung, G. A. & Smith, Dale. Influence of extended storage at constant low tem- 
perature on cold resistance and carbohydrate reserves of alfalfa and medium 
red clover. Pl. Physiol. 35: 123-125. Jan [Feb] 1960. 

Kahn, Albert. An analysis of “dark-osmotic inhibition” of germination of lettuce 
seeds. Pl. Physiol. 35: 1-7. Jan [Feb] 1960. 

Kessler, B. Some relationships between the production of carbon dioxide by roots 
and lime tolerance of fruit trees and grape vine hybrids. Pl. Physiol. 35: 
140-145. Jan [Feb] 1960. 

Klebesadel, L. J. & Smith, Dale. Light and soil moisture beneath several com- 
panion crops as related to the establishment of alfalfa and red clover. Bot. 
Gaz. 121: 39-46. Sep 1959 [14 Mar 1960]. 

Krochmal, Arnold. Germination studies of aerial bulblets of Allium vineale L. 
and A. canadense L. Am. Midl. Nat. 63: 497-508. Apr 1960. 

Levitt, J. Freezing injury of plant tissue. Ann. N. Y. Acad. 85: 570-575. 13 
Apr 1960. 

Lowther, Ruth L. & Boll, William G. The effects of ethionine on some plant 
growth systems. Canad. Jour. Bot. 38: 437-457. Mai 1960. 

McClure, T. T. Chlorogenic acid accumulation and wound healing in sweet potato 
roots. Am. Jour. Bot. 47: 277-280. 20 Apr 1960. 

Marcus, Abraham. Photocontrol of formation of red kidney bean leaf triphos- 
phopyridine nucleotide linked triosephosphate dehydrogenase. Pl. Physiol. 
35: 126-128. Jan [Feb] 1960. 

Marre, E., Forti, G. & Gaur, B. K. Metabolic responses to auxin. V. Dissociation 
by carbon monoxide of effects of indoleacetic acid on growth and respira- 
tion [of Pisum]. Pl. Physiol. 35: 45-48. Jan [Feb] 1960. 

Mergen, Francois. A toxic principle in the leaves of Ailanthus. Bot. Gaz, 121: 

32-36. Sep 1959 [14 Mar 1960]. 


[ Vou. 
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Minshall, Wm. Harold. Effect of 3-(4-chlorophenyl)-1, 1-dimethylurea on dry 
matter production, transpiration, and root extension. Canad. Jour. Bot. 
38: 201-216. 15 Mar 1960. 

Nozzolillo, Constance & Craigie, J. H. Growth of the rust fungus Puccinia 
helianthi on tissue cultures of its host. Canad. Jour. Bot. 38: 227-233. 
15 Mar 1960. 

Ormrod, Douglas P. & Williams, William A. Phosphorus metabolism of Tri- 
folium hirtum All. as affeeted by 2, 4-dichlorophenoxyacetie acid and gib- 
berellic acid. Pl. Physiol. 35: 81-87. Jan [Feb] 1960. 

Overland, Lillian. Endogenous rhythm in opening and odor of flowers of 
Cestrum nocturum. Am. Jour. Bot. 47: 378-382. Mai 1960. 

Parker, Johnson. Seasonal changes in white pine leaves: a comparison of cold 
resistance and free-sugar fluctuations. Bot. Gaz. 121: 46-50. Sep 1959 
[14 Mar 1960]. 

Pelet, F., Hildebrandt, A. C., Riker, A. J. & Skoog, F. Growth in vitro of tissues 
isolated from normal stems and insect galls. Am. Jour. Bot. 47: 186-195. 
21 Mar 1960. 

Rappaport, Lawrence & Bonner, James. Interactions of gibberellin, vernaliza- 
tion, photoperiod and temperature in the flowering of endive. Pl. Physiol. 
35: 98-102. Jan [Feb] 1960. 

Reisner, Gerald S., Gering, Rose K. & Thompson, John F. The metabolism of 
nitrate and ammonia by Chlorella. Pl. Physiol. 35: 48-52. Jan [Feb] 1960. 

Stafford, Helen A. Differences between lignin-like polymers formed by peroxida- 
tion of eugenol and ferulie acid in leaf sections of Phleuwm. Pl. Physiol. 
35: 108-114. Jan | Feb] 1960. 

Stern, William L. & Voigt, Garth K. Effect of salt concentration on growth of 
red mangrove in culture. Bot. Gaz. 121: 36-39. Sep 1959 [14 Mar 1960]. 

Stiles, Walter. Respiration III. Bot. Rev. 26: 209-260. Apr—Jun 1960. 

Tinline, R. D., Stauffer, J. F. & Dickson, J. G. Cochliobolus sativus. III. Effeet 
of ultra-violet radiation. Canad. Jour. Bot. 38: 275-282. pl. 1-3. Mai 1960. 

Tulecke, Walter. Arginine-requiring strains of tissue obtained from Ginkgo 
pollen. Pl. Physiol. 35: 19-24. Jan [Feb] 1960. 

Vasil, I. K. Studies on pollen germination of certain Cucurbitaceae. Am. Jour. 
Bot. 47: 239-247. 20 Apr 1960. 

Voigt, Thomas C. Alteration of the composition of rainwater by trees. Am. 
Midl. Nat. 63: 321-326. Apr 1960. 

Wedding, Randolph T. & Black, M. Kay. Uptake and metabolism of sulfate by 
Chlorella. I. Sulfate accumulation and active sulfate. Pl. Physiol. 35: 
72-80. Jan [Feb] 1960. 

Wiggans, Samuel C. Responses of oat plants to various percentages of continu- 
ous shade. Bot. Gaz. 121: 55-60. Sep 1959 [14 Mar 1960]. 

Yamamoto, Yukio & Beevers, Harry. Malate synthetase in higher plants. PI. 
Physiol. 35: 102-108. Jan [Feb] 1960. 


PHY TOPATHOLOGY 
(See also under Genetics: Cooper & Gregory; Heermann; Hooker) 
Bart, George J. Susceptibility of various apple varieties to the oak wilt fungus. 
Phytopathology 50: 177-179. 20 Feb 1960. 

Benson, A. P. & Hooker, W. J. Isolation of virus X from “immune” varieties of 
potato, Solanum tuberosum. Phytopathology 50: 231-234. Mar 1960, 
Berry, S. Z. Comparison of cultural variants of Alternaria sesami. Phytopa- 
thology 50: 298-304. 18 Apr 1960. 
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Burkholder, Walter H. A bacterial brown rot of parsnip roots. Phytopathology 
50: 280-282. 18 Apr 1960. 

Burkholder, Walter H. Some observations on Erwinia tracheiphila, the causal 
agent of cucurbit wilt. Phytopathology 50: 179, 180, 20 Feb 1960. 

Chapman, Richard A. The effects of Meloidogyne incognita and M. hapla on the 
growth of Kenland red clover and Atlantic alfalfa. Phytopathology 50: 
181, 182. Mar 1960. 

Clark, R. V. & Drayton, F. L. The pathogenicity of isolates of Septoria avenae 
f. sp. avenae. Canad. Jour. Bot. 38: 102-110. 15 Mar 1960. 

Clark, R. V. & Zillinsky, F. J. Epidemiology studies on the Septoria disease of 
oats. Canad. Jour. Bot. 38: 93-102. 15 Mar 1960. 

Condon, Patricia & Kucé, Joseph. Isolation of a fungitoxic compound from 
carrot root tissue inoculated with Ceratocystis fimbriata. Phytopathology 
50: 267-270. 18 Apr 1960. 

Couch, Houston B. & Bloom, James R. Influence of soil moisture stresses on the 
development of the root knot nematode. Phytopathology 50: 319-321. 18 
Apr 1960, 

Daines, Robert H., Brennan, Eileen & Leone, Ida A. Effect of plant bed tem- 
perature and seed potato dip treatments on incidence of sweet potato sprout 
decay caused by Diaporthe batatatis. Phytopathology 50: 186, 187. Mar 
1960. 

Flor, H. H. Asexual variants of Melampsora lini. Phytopathology 50: 223-226. 
Mar 1960. 

Priedman, B. A. & Jaffe, M. J. Effect of soft rot bacteria and pectolytic enzymes 
on electrical conductance of witloof chicory tissue. Phytopathology 50: 
272-274. 18 Apr 1960. 

Glover, David V. & McAllister, DeVere R. Transmission studies of alfalfa 
witches’ broom virus in Utah. Agron. Jour. 52: 63-65. Feb 1960. 

Gorham, Eville & Gordon, Alan G. Some effects of smelter pollution northeast 
of Faleonbridge, Ontario. Canad. Jour. Bot. 38: 307-312. Mai 1960. 

Hagborg, W. A. F. & Chelack, W. S. Whey as an inhibitor of stripe mosaic of 
barley. Canad. Jour. Bot. 38: 111-116. 15 Mar 1960. 

Heitefuss, R., Buchanan-Davidson, D. J., Stahmann, M. A. & Walker, J. C. 
Electrophoretic and immunochemical studies of proteins in cabbage in 
fected with Fusarium oxysporum f. conglutinans. Phytopathology 50: 
198-205. Mar 1960. 

Hutchinson, M. T., Goheen, A. C. & Varney, E. H. Wild sources of blueberry 
stunt virus in New Jersey. Phytopathology 50: 308-312. 18 Apr 1960. 

Jackson, Curtis R. Cercospora blight of snapdragon. Phytopathology 50: 190 
192. Mar 1960. 

Johnson, T. W. Infection potential and growth of Lagenidium chthamalophilum. 
Am. Jour. Bot. 47: 383-385. Mai 1960. 

Kaul, Rudolf & Shaw, Michael. The physiology of host-parasite relations. VI. 
Oxidation-reduction changes in wheat leaf sap caused by rust infection. 
Canad. Jour. Bot. 38: 399-407. Mai 1960. 

Linzon, 8. N. The development of foliar symptoms and the possible cause and 
origin of white pine needle blight. Canad. Jour. Bot. 38: 153-161. 15 Mar 
1960. 

Loebenstein, G. Identifying two sweet potato viruses with paper chroma 
tography. Phytopathology 50: 98, 99. 20 Feb 1960. 

Loewenberg, J. R., Sullivan, T. & Schuster, M. L. The effect of pH and minerals 
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on the hatching and survival of Meloidogyne 

Phytopathology 50: 215-217. Mar 1960. 
Lownsbery, B. F. & Viglierchio, D. R. Mechanism of accumulation of Meloi- 
Phytopathology 50: 178, 


incognita incognita larvae. 


dogyne incognita acrita around tomato seedlings. 
179. 20 Feb 1960. 

Luke, H. H., Morey, D. D. & Hadden, S. J. Hosts for differentiating oat loose- 
smut races of the southeastern United States. Phytopathology 50: 209-212. 
Mar 1960. 

Luke, H. H., Wheeler, H. E. & Wallace, A. T. Victoria-type resistance to crown 
rust separated from susceptibility to Helminthosporium 
Phytopathology 50: 205-209. Mar 1960. 

McClendon, John H., Somers, G. Fred & Heuberger, J. W. The occurrence of a 
variety of enzymes hydrolyzing cell wall polysaccharides in apples rotted 
by Botryosphaeria ribis. Phytopathology 50: 258-261. 18 Apr 1960. 

Mai, W. F. Growth of apple seedlings in relation to soil temperature and inocu- 


lation with Pratylenchus penetrans. Phytopathology 50: 237, 238. Mar 
1960. 


blight in oats. 


Mellor, F. C. & Forbes, A. R. Studies of virus diseases of strawberries in 
British Columbia. III. Transmission of 
Canad. Jour. Bot. 38: 343-352. Mai 1960. 

Morton, Donald J. A quick method of preparing barley embryos for loose smut 
examination. Phytopathology 50: 270-272. 18 Apr 1960. 

Ogawa, Joseph M., McCain, Arthur H. & Hall, Dennis H. Streptomycin ab- 
sorption in diseased and healthy hop tissues and its effect on the hop downy 
mildew organism and mildew development. Phytopathology 50: 278-280. 
18 Apr 1960, 

Rayner, W. B. & Milbraith, J. A. The identity and host relations of the potato 

Phytopathology 50: 312-319. 18 Apr 1960. 

Reiling, T. P., King, T. H. & Fields, R. W. Soil indexing for pea root rot and the 
effect of root rot on yield. Phytopathology 50: 287-290. 18 Apr 1960. 
Richardson, Lloyd T. & Miller, D. M. Fungitoxicity of chlorinated hydrocarbon 
insecticides in relation to water solubility and vapor pressure. 

Jour. Bot. 38: 163-175. 15 Mar 1960. 

Robert, Alice. Physiologie specialization in Helminthosporium turcicum. 
pathology 50: 217-220. Mar 1960. 

Robert, Alice & Sprague, G. F. Adaptation of the corn leaf blight fungus to a 
resistant and Phytopathology 50: 261-263. 18 
Apr 1960. 

Scharen, Albert L. Germination of oospores of Aphanomyces eutercié embedded 

Phytopathology 50: 274-277. 18 Apr 1960. 

Scheffer, R. P. Variations in respiratory responses in Fusarium-infected tomato 

Phytopathology 50: 192-195. Mar 1960. 

Schnathorst, W. C. Effects of temperature and moisture stress on the lettuce 
powdery mildew fungus. Phytopathology 50: 304-308. 18 Apr 1960. 

Shepherd, Robert J. & Pound, Glenn S. Magnesium nutrition of 


tabacum in 


strawberry viruses by aphids. 


late-breaking virus. 


Canad. 


Phyto- 


a susceptible corn host. 


in plant debris. 


plants. 


Nicotiana 


relation to multiplication of tobacco mosaic virus. Phyto- 
pathology 50: 195-198. Mar 1960. 

Sims, Asa C. Effect of culture substrate on the virulence of single basidiospcre 
isolates of Pellicularia filamentosa. Phytopathology 50: 282-286. 18 Apr 


1960. 
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Singh, G. P., Arny, D. C. & Pound, G. 8. Studies on the stripe mosaic of barley, 


including effects of temperature and age of host in disease development 


and seed infection. Phytopathology 50: 290-296. 18 Apr 1960. 
Stace-Smith, Richard. Studies on Rubus virus diseases in British Columbia. 
VI. Varietal susceptibility to aphis infestation in relation to virus acquisi- 


tion. Canad. Jour. Bot. 38: 283-285. Mai 1960. 

Stone, William J. & Jones, John P. Corynespora blight of sesame. Phytopa- 
thology 50: 263-266. 18 Apr 1960. 

Sutton, Donald D., Ark, Peter A., & Starr, Mortimer P. The causal agent of 
bacterial brown rot of Cypripedium orchids. Phytopathology 50: 182-196. 
Mar 1960. 

Thayer, Paul & Williams, Lansing E. Fffect of nitrogen, phosphorus, and po- 
tassium concentrations on the development of Gibbereila stalk- and root-rot 
of corn. Phytopathology 50: 212-214. Mar 1960. 

Townshend, J. L. & Davidson, T. R. Some weed hosts of Pratylenchus penetrans 
in Premier strawberry plantations. Canad. Jour. Bot. 38: 267-273. Mai 
1960. 

Tuite, John. The natural occurrence of tobacco ringspot virus. Phytopathology 
50: 296-298. 18 Apr 1960. 

Wallace, H. A. H. Factors affecting subsequent germination of cereal seeds sown 
in soils of subgermination moisture content. Canad. Jour. Bot. 38: 287-306. 
Mai 1960, 

Weber, P. V. V. The effect of tobacco mosaic virus on tomato yield. Phyto- 
pathology 50: 235-237. Mar 1960. 

Wilks, J. M. & Reeves, E. L. Flowering cherry, a reservoir of the little cherry 
virus. Phytopathology 50: 188-190. Mar 1960. 

Zaumeyer, W. J. & Patino, Graciano. Vein necrosis, another systemically in- 
fectious strain of alfalfa mosaie virus in bean. Phytopathology 50: 
226-231. Mar 1960. 

GENERAL BOTANY 
(including biography and nomenclature) 

Baehni, Charles. La réunion des collections de Candolle, Delessert et Boissier au 
Conservatoire Botanique de Genéve. Taxon 9: 61-63. 29 Mar 1960. 

Britton, M. E. A tribute to Lewis Hanford Tiffany. Trans. Am. Micr. Soe. 79: 
1—4. Jan [Mar] 1960. 

Brizicky, George K. Dates of publication of Girtner’s De fructibus et seminibus 
plantarum. Rhodora 62: 81-84. Mar [4 Apr] 1960. 

Bullock, A. A. Dr. Thomas Archibald Sprague, 1877-1958. Taxon 9: 93-102. 
10 Mai 1960. 

Koch, Leo Francis. The subkingdoms of plants. Taxon 9: 64—66. 29 Mar 1960. 

Morrison, John L. Freed Hoffman, 1880-1959. Madrofio 15: 178-180. 18 Apr 
1960. 

Rambo, Balduino. Towards the concept of the species in plant evolution. 
Pesquisas 3: 455-493. 1959. 

Rickett, H. W. & Stafleu, F. A. Nomina generica conservanda et rejicienda 
spermatophytorum IV. Taxon 9: 67-86. 29 Mar. V. 111-124. 10 Mai 1960. 

Silva, Paul C. Later starting points versus the type method. Taxon 9: 3-7. 14 
Jan 1960. 

Tryon, Rolla. A glossary of some terms relating to the fern leaf. Taxon 9: 
104-109. 10 Mai 1960. 





